
Report No. NAWCADWAR-93086-60

AD-A280 759

EVALUATION OF CARDIAC FUNCTION IN HUMANS
WEARING COMBAT EDGE OR THE TACTICAL LIFE
SUPPORT SYSTEM WHEN EXPOSED TO
+Gz-ACCELERATION

Barry S. Shender, Ph.D.
Air Vehicle and Crew Systems Technology Department (Code 6023)
NAVAL AIR WARFARE CENTER
AIRCRAFT DIVISION, WARMINSTER ELECP.O. BoxS5152 EILECTEn
Warminster, PA 18974-0591 JUN 2 81994

GD
MAY 1993

DIrc QUAL!T? D:S2•IZC7

FINAL REPORT

Program Element No. 63316 N

Approved for Public Release; Distribution is Unlimited 9419710

Prepared for

NAVAL AIR SYSTEMS COMMAND (AIR-531TA)
Department of the Navy
Washington, DC 20361-5310 94 6 28 0 60



NOTICES

REPORT NUMBERING SYSTEM - The numbering of technical project reports issued by the
Naval Air Warfare Center, Aircraft Division, Warminster Is arranged for specific Identification
purposes. Each number consists of the Center acronym, the calendar year in which the
number was assigned, the sequence number of the report within the specific calendar year,
and the official 2-digit correspondence code of the Functional Department responsible for
the report. For example: Report No. NAWCADWAR-92001-60 Indicates the first Center
report for the year 1992 and prepared by the Air Vehicle and Crew Systems Technology
Department. The numerical codes are as follows:

CODE OFFICE OR DEPARTMENT

00 Commanding Officer, NAWCADWAR

01 Technical Director, NAWCADWAR

05 Computer Department

10 AntiSubmarine Warfare Systems Department

20 Tactical Air Systems Department

30 Warfare Systems Analysis Department

50 Mission Avionics Technology Department

60 Air Vehicle & Crew Systems Technology Department

70 Systems & Software Technology Department

80 Engineering Support Group

90 Test & Evaluation Group

PRODUCT ENDORSEMENT - The discussion or Instructions concerning commercial
products herein do not constitute an endorsement by the Government nor do they convey
or imply the license or right to use such products.

Reviewed By: A / • 'Date: v22 dZV Branch Hesad

Reviewed By: D ?~ ~ ~ 4 ate:
Division Head

Reviewed By: D r Date:
Director/Deputy Director



Form ApprovedREPORT DOCUMENTATION PAGE 0MB No. 0704-0188

Public reoortling burden for this collection of information s estimated to average , mou, per resoorse. inciuoinc the time for re. ,ewin instructions, searching ei1sting zata sources,
gathering and maintaining the data needed, and comoeting ano re ,~e.mn the :ol.ction of information Send comments regaroing thes b"rden estimate or any other aSoeCt of thi
collection of information. mncluung suggestions for reduc no this ouroen , vashingtOn Heaoquarters Services. Directorate for irformation Operations and Reports., 121 Jefferson
Davis Highwav. Suite 1204. Arlington, VA 22202-4302. and to the Off ice of Management and Budget. Paperwork Reduction Project (0704-018S). Wahington. DC 20503

1. AGENCY USE ONLY (Leave blank) 1 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

May 1993 Final
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

EVALUATION OF CARDIAC FUNCTION IN HUMANS WEARING
COMBAT EDGE OR THE TACTICAL LIFE SUPPORT SYSTEM Program Element No.
WHEN EXPOSED TO +GZ-ACCELERATION 63316 N

6. AUTHOR(S)

Barry S. Shender, Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADORESS(ES) 8. PERFORMING ORGANIZATION

Air Vehicle and Crew Systems Technology Department (Code 6023) REPORT NumR
NAVAL AIR WARFARE CENTER NAWCADWAR-930"6-60
AIRCRAFT DIVISION, WARMINSTER
RO. Box 5152
Warminster, PA 18974-0591

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADORESS(ES) 10. SPONSORING/MONITORING
NAVAL AIR SYSTEMS COMMAND (AIR-531TA) AGENCY REPORT NUMBER
Department of the Navy
Washington, DC 20361-5310

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for Public Release; Distribution Is Unlimited

13. ABSTRACT (Maximum 200 wors*)

19. Current and future high performance aircraft operate in an envelope which requires both
high altitude and acceleration protection for their aircrew. Such protection includes both positive
pressure breathing (PPB) and an anti-G suit. These factors have been Incorporated Into a
variety of different aircrew clothing ensemble concepts. As part of an ongoing US Navy
evaluation of these Integrated life support ensembles, 7 subjects (6 male) were exposed to
acceleration stress in the Naval Air Warfare Center Aircraft Division Warminster human
centrifuge while wearing the Combined Advanced Technology Enhanced Design G Ensemble
(COMBAT EDGE - CE) or the Tactical Life Support System (TLSS). The following report
describes how cardiac function, as measured using impedance cardiography, was effected
under +Gz-stress will subjects wore these ensembles. It was found that relaxed rapid onset
+Gz-tolerance (without anti-G straining maneuvers) was about 1.5 G higher when the subjects
wore TLSS as compared to CE. Stroke (SI) and (CI) Indices both decreased and heart rate
rose as +Gz-stress was increased regardless of the outfit worn. While the absolute value of
these Induces were somewhat higher when CE was wom, the relative change in Sl and CI (ASI,
ACI,) with respect to pre-stress values was smaller with the TLSS ensemble. For both

14. SUBJECT TERMS 15. NUMBER OF PAGES

Impedance Cardiography, Stroke Volume, G-Protection, Combat Edge, TLSS . RICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-12
2-.102



ABSTRACT (Continued)

garments, ASI and ACI was greatest at +6 Gz (PBG -24 mmHg). However, TLSS ,ASI and ACI were
markedly reduced with PBG levels > 30 mmHg (+6.5 Gz). No statistically significant differences between
TLSS ASI and ACI at +4 or +7 Gz (0 and 36 mmHg, respectively) were found. At all +Gz exposures, the
change in cardiac contractility was fairly consistent (+/- 10% relative to pre-stress levels) for subjects
wearing the TLSS while it was two to three times greater when they wore the CE. Also, at higher PPB
levels, cardiac contractility was greater when TLSS was worn as compared to the CE. It is postulated that
for this group of subjects, the TLSS garment enabled Individuals to maintain a more consistent stroke
volume and level of cardiac contractility over a large range of stress levels than the CE ensemble. These
factors, In combination with an increased heart rate and Increased lower limb coverage (which
theoretically causes a higher peripheral arterial and atrial pressure), may have led to the increased
+Gz-tolerance levels obtained when subjects wore the TLSS ensemble.



NAWCADWAR-93086-60

CONTENTS

Page

LIST OF TABLES ................................................................................................... i
LIST OF FIGURES ............................................................................................... ii
INTRODUCTION ...................................................................................................
M ETHOD S ..................................................................................................
D ATA ................................................................................................. 3
RESULTS ............................................................................................... 6
DISCUSSION ................................................................................................... 15
REFEREN CES ............................................................................................. 19

Accesion For

NTIS CRA&M
DTIC TAB
Unannounced El
Justification ...............

By . .................

Distribution I

Availability Codes

Avail an Idor
Dist Special



NAWCADWAR-93086-60

LIST OF TABLES

Page

1. Physical characteristics on the subject pool .................................................. 3
2. Incidents and locations of pain reported during insertions .......................... 4
3. G-tolerance during rapid onset runs while wearing Combat Edge .............. 4
4. G-tolerance during rapid onset runs while wearing TLSS .......................... 5
5. G-tolerance during gradual onset runs while wearing Combat Edge .............. 5
6. G-tolerance during gradual onset runs while wearing TLSS .......................... 6
7 Mean (+/- 1 standard deviation) cardiac parameters for each +Gz plateau tested

for which the number of data points (N) was at least 3 ...................................... 8
8. Two-way ANOVA results comparing SI, ASI and APWD across +4, 5 and 6 Gz

taken as a group for CE and TLSS ensembles ................................................. 8
9. T-test statistical differences comparing CE and TLSS cardiac parameters

calculated at +4, 5 and 6 Gz ........................................................................ 9
10. Statistically significant differences (t-test) found when comparing +4 Gz responses to

higher +Gz-levels for subjects wearing for CE and TLSS .......................... 10
11. Cardiac indices averaged (+/- 1 standard deviation) during 30 sec plateau at each

subject's +Gz-tolerance level .......................................................................... 11
12. Statistically significant differences comparing CE vs TLSS (based on suit type not

+Gz-level) for individual subjects at their +Gz-tolerance levels using t and Mar-i-
W hitney tests ............................................................................................. 12

13. Statistically significant t-test results comparing individual subject responses
while wearing CE as compared to TLSS during relaxed GOR .......................... 12

14. Mean change in stroke volume and cardiac output for human subjects at the end
of relaxed GOR exposures as compared to mean values chronically measured on
ininiature swine as reported by Bums et all ........................ ......... ........ ... . . .  13

ii



NAWCADWAR-93066-60

LIST OF FIGURES

Page
1. Change in cardiac index for Subject S I during +Gz-tolerance runs .................... 20
2. Change in cardiac index for Subject S2 during +Gz-tolerance runs .................... 21
3. Change in cardiac index for Subject S3 during +Gz-tolerance runs .................. 22
4. Change in cardiac index for Subject S6 during +Gz-tolerance runs .................... 23
5. Change in stroke index for Subject S1 during +Gz-tolerance runs ..................... 24
6. Change in stroke index for Subject S2 during +Gz-tolerance runs ..................... 25
7. Change in stroke index for Subject S3 during +Gz-tolerance runs ..................... 26
8. Change in stroke index for Subject S6 during +Gz-tolerance runs ..................... 27
9. Change in contractility index for Subject S2 during +Gz-tolerance runs ................ 28

10. Change in contractility index for Subject S3 during +Gz-tolerance runs ................ 29
11. Change in contractility index for Subject S6 during +Gz-tolerance runs ................ 30
12. Change in heart rate for Subject S1 during +Gz-tolerance runs ....................... 31
13. Change in heart rate for Subject S2 during +Gz-tolerance runs ....................... 32
14. Change in heart rate for Subject S3 during +Gz-tolerance runs ....................... 33
15. Change in heart rate for Subject S6 during +Gz-tolerance runs ....................... 34
16. Change in pulse wave delay for Subject S2 during +Gz-tolerance runs ................. 35
17. Change in pulse wave delay for Subject S3 during +Gz-tolerance runs ................. 36
18. Change in pulse wave delay for Subject S6 during +Gz-tolerance runs ................. 37
19. Mean change in cardiac index: Comparison between TLSS and COMBAT EDGE ........ 38
20. Mean cardiac output: Comparison between TLSS and COMBAT EDGE ............... 39
21. Mean change in stroke index: Comparison between TLSS and COMBAT EDGE ......... 40
22. Mean stroke volume: Comparison between TLSS and COMBAT EDGE ............... 41
23. Mean change in contractility index: Comparison between TLSS and COMBAT EDGE .... 42
24. Mean cardiac contractility: Comparison between TLSS and COMBAT EDGE ........... 43
25. Mean change in heart rate: Comparison between TLSS and COMBAT EDGE ........... 44
26. Mean heart rate: Comparison between TLSS and COMBAT EDGE ................... 45
27. Mean change in pulse wave delay: Comparison between TLSS and COMBAT EDGE ..... 46
28. Mean pulse wave delay: Comparison between TLSS and COMBAT EDGE ............. 47
29. Mean change in cardiac index for subjects wearing TLSS ........................... 48
30. Mean cardiac output for subjects wearing TLSS .................................. 49
31. Mean change in stroke index for subjects wearing TLSS ............................ 50
32. Mean stroke volume for subjects wearing TLSS .................................. 51
33. Mean change in cardiac contractility index for subjects wearing TLSS ................. 52
34. Mean cardiac contractility index for subjects wearing TLSS ......................... 53
35. Mean change in heart rate for subjects wearing TLSS .............................. 54
36. Mean heart rate for subjects wearing TLSS ...................................... 55
37. Mean change in pulse wave delay for subjects wearing TLSS ........................ 56
38. Mean pulse wave delay for subjects wearing TLSS ................................ 57

iii



NAWCADWAR-93086-60

INTRODUCTION

The US Navy has been investigating the use of positive pressure breathing (PPB)
and extended coverage flight suits as a means for enhancing G-tolerance, reducing the
incidence of G-induced loss of consciousness and protection during emergency descent
from altitudes up to 60,000 feet in high performance aircraft. In this study, 7 subjects (6
male) participated from 9/16/91 to 9/20/91 wearing COMbined Advanced Technology
Enhanced Design G Ensemble (COMBAT EDGE - CE) and Tactical Life Support
System (TLSS) ensembles during Naval Air Warfare Center Aircraft Division Warminster
(NAWC) human centrifuge exposures. CE differs from TLSS in that its lower garment is
the standard five bladder anti-G suit which covers 400/ less surface area than TLSS. The
following report describes how cardiac function was effected under +Gz-stress while
subjects wore these ensembles..

METHODS

I. Measurements and calculations:
1. Instrumentation included electrocardiography (ECG), impedance cardiography

(ICG), peripheral blood velocity (infrared plethysmograph placed on the forehead), blood
pressure, mask, regulator outlet and anti-G suit pressures and phonocardiography.

2. Subjects were exposed to rapid onset +Gz exposures, ROR (2 sec onset and
offset rates), consisting of 30 sec plateaus. Exposures began at +3 Gz and were
incremented by +1 Gz until peripheral light loss (PLL) reached 450, at which point the
+Gz level was increased by 0.5 until light loss reached 600. Subjects were also exposed to
gradual onset runs, GOR (rate = 1 G/10 sec), which continued until PLL reached 600, at
which point subjects performed an anti-G straining maneuver (AGSM) until 600 PLL was
reached a second time. Many of the subjects either did not perform the straining portion
of this profile or were not exposed to GOR's at all due to the occurrence of arm pain.

3. Data were recorded using a TEAC FM instrumentation recorder, which were
subsequently digitized using Global Lab7. Measurements of +Gz level, Zo, dZ/dtmax, left
ventricular ejection time (LVET, the period between the point in which the rise in dZ/dt
crosses the dZ/dt zero level to the subsequent minimum point following dZ/dtmax), pulse
wave delay (PWD: time from ECG R wave peak to dZ/dt peak) and heart rate (HR) were
recorded during the 6-10 sec period prior to +Gz-onset (pre-run), at 10, 20 and 30 sec at
+Gz plateau during ROR's, and 20 - 30 sec after +Gz-offset (recovery) using Global Lab.
GOR measures were taken at each incremental G level, i.e. 2, 3, 4, ... until subjects
experienced 600 PLL or reached +10 Gz. All calculated values represented averages
taken from 4 to 6 waveforms to reduce noise and artifact corruption.

4. Stroke volume (SV), cardiac output (CO), heather index (HI, cardiac
contractility), stroke index (SI), body surface area (BSA), cardiac index (CI), as well as
normalized parameters (relative to pre-run values for each exposure - indicated by a A
prefix) ASI, ACI, AMI, APWD and hEIR were calculated for al! relaxed runs.

5. The following formulae were used:
SV (ml/beat) = (p*L2*LVET*dZ/dtm) / Zo2

CO (liters/min) = (SV * HR) / 1000
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HI (a) = dZ/dtma / PWD
BSA (m2) = 0.202 m/kg * height (M) 0.725 * weight (kg) 0.425
SI (ml/beat/rn 2) = SV / BSA
CI (L/min/m2 ) = CO / BSA

with Zo in fl, dZ/dtmx in flsec (measured from dZ/dt zero to peak), L in cm (distance
between the two inner ICG electrodes), p = 150 fl cm, LVET and PWD in sec and HR in
beats/min.

6. Plots were created for each subject for each insertion for all of the cardiac
parameters listed above. Graphs used to compare individual subject responses versus
group means were also plotted.

H. Measurement problems:
1. From the TEAC FM tapes, Zo was measured for calibration values and during

pre-run periods. For 9/17-21 data, the digitized values for Zo had no dc offset (this offset
is due to the impedance of the muscle and tissues of the torso) and were inverted with
respect to oscilloscope values, i.e. negative voltages were recorded. However, the Global
Lab trends (i.e. slopes) were correct while the TEAC trends were not. It was assumed
that the data acquisition setup program was incorrectly configured to remove the offset
and invert Zo. 9/16/91 data were consistently recorded on the TEAC FM tape and
reproduced using Global Lab. However, the gain settings were very low. dZ/dt
calibrations were about half of standard and Zo were about a tenth of standard. To use
the Zo data, Zo values were first adjusted to remove any negative offset and then scaled
according to the standard calibration range of 10 L/volt. Zo was then processed with a
6th order digital low-pass Butterworth filter with a cut-off frequency of 0.5 Hz to remove
respiratory artifacts.

2. dZ/dt maximum and zero-crossing values during calibrations were measured
using an oscilloscope and with Global Lab. These values were consistent with each other.
dZ/dt was then modified with a 4th order digital Butterworth high-pass filter using a cut-
off frequency of 2 Hz to remove baseline shifts.

3. The distance between the two inner electrodes (L) was not taken on a few
subjects thereby rendering those data runs unusable for impedance cardiographic analysis.

4. Some TLSS data was too noisy (spikes) and could not be analyzed. All of
Subject S7 data was discarded due to excess noise.

5. p (blood resistivity) was held constant since hematocrits were not taken.
6. When ECG quality was poor, HR was estimated using the period between

dZ/dt peaks.

IR. Statistical Analysis (Using the Number Cruncher Statistical System (NCSS) 4):
Two way unpaired t-tests (for unequal variances, NCSS provides an approximate

t-test) and one and two-way analysis of variance (ANOVA) (when variances between
classes was equal) were performed testing for suit and/or +Gz-level differences on the
following data sets:

2
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a. ROR +Gz-tolerance runs
b. ROR 600 peripheral light loss runs
c. ROR's compared using common +Gz-levels
d. ROWs comparing differences between +4 Gz and higher +Gz-levels
e. GOR's compared for suit effects only
f. In all cases, only relaxed (no AGSM) data was used

Post hoc Fisher's Least Significant Difference Comparison (LSD) tests were
performed following the ANOVA's to determine the interaction between tested factors,
where a was set at 0.05.

In addition, nonparametric versions of the two sample t-test, the Mann-Whitney
Two Sample Test, and the one-way ANOVA, the Kruskal-Wallis test, were also used.

DATA

Subject physical characteristics are given in Table 1. During these tests, subjects
reported several incidents of pain in the extremities which at times was so bothersome that
some insertions were prematurely terminated. In fact, for some subjects, GOR's did not
include AGSM or were even run at all due to subject discomfort. A description of the
distribution of pain locations is given in Table 2.

Subject ROR +Gz-tolerances are summarized in Tables 3 and 4. Tables 5 and 6
contain GOR +Gz-tolerances.

Figures I to 18 show how ACI, ASI, AIIR, aR and APWD differed between CE
and TLSS during +Gz-tolerance runs for subjects S1, S2, S3 and S6. Figures 19 to 28
present mean responses for CE and TLSS based on common +Gz levels. Figures 29 to 38
display mean TLSS values. Appendix A contains all calculated cardiac indices for each
subject.

Subject Sex Height (m) Weight (kg) BSA (m2)

SI F 1.65 56.70 1.62
S2 M 1.92 81.65 1.64
S3 M 1.80 71.21 1.90
S4 M 1.78 70.99 1.88
S5 M 1.73 74.84 1.88
S6 M 1.75 74.84 1.90
S7 M 1.65 63.50 1.69

MEANS +I- 1 sd: 1.75 +/- 0.09 70.53 +/- 8.19 1.79 +/- 0.13

TABLE 1. Physical characteristics on the subject pool.

3
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Subject Date Suit Body Part Run tpe
SI 9/17 TLSS arm post GORIAGSM
SI 9/19 TLSS calf ROR: +5 Gz
S5 9/17 TLSS forearm ROR: +3 to 6 Gz
85 9/17 TLSS forearm, calf GOR
S6 9/18 TLSS arm ROR/AGSM: +8 Gz
S7 9/20 TLSS arm ROR: +3 to 8 Gz
S7 9/20 TLSS arm ROR/AGSM: +9 Gz
S2 9/19 CE arm ROR/AGSM: +7 Gz
S5 9/16 CE arm GOR
$5 9/16 CE arm ROR. +3 to 4 Gz
S5 9/19 CE arm ROR: +8 Gz
S6 9/17 CE forearm GOR/AGSM
S6 9/19 CE abdomen ROR: +7 Gz
86 9/19 CE wrist ROR/AGSM: +8 Gz

TABLE 2. Incidents and locations of pain reported during insertions.

Relaxed AGSM
Subject Date +Gz-Tolerance Light Loss +Gz- Tolerance Light Loss Analye?

SI 9/16 6.5 0 8.5 30-75 Y
SI 9/18 5.0 59 6.5 59 Y
S2 9/17 5.5 75 7.0 50 Y
82 9/19 4.5 0 7.0 (Arm pain) Y
S3 9/16 4.5 45 8.0 75 Y
83 9/18 4.0 60-75 7.5 0 Y
84 9/17 6.5 59 9.0 (MO: PVCs) N 1
S5 9/16 5.0 0 8.5 75 N I
S5 9/19 7.0 0 NOT RUN Y
86 9/17 4.5 65 transient 8.0 45 Y
S6 9/19 6.0 50 8.0 (wrist pain) 0 Y
87 9/17 6.0 60 NOTRUN Y 2
S7 9/19 4.5 45 7.0 45 Y 2

MEANS +/- I sd: 5.35 +/- 0.97 (N = 13) 7.63 +/- 0.74 (N = 8)

TABLE 3. +Gz-tolerance during rapid onset runs while wearing Combat Edge. Key: Y:
data was analyzed; N: not analyzed due to: 1 - L not recorded; 2 - data
analyzed but too noisy to include in statistical analysis; MO: medical officer;
PVC: premature ventricular contraction.

4
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Relaxed AGSM
Subject Date +Gz-Tolerance PLL +Gz-Tolerance PLL Analyzed?

SI 9/17 8.0 0 > 10.0 Y
Si 9/19 (Arm pain-5.0) 0 NOT RUN N 4
S2 9/16 6.5 60 9.0 30 Y
S2 9/18 7.5 30 9.0 0 Y
S3 9/17 6.5 59 8.0 0 Y
S3 9/19 5.5 25 8.0 60-0 Y
S4 9/16 5.5 60 8.5 0 Y
S4 9/18 5.5 55 10.0+ Inadvertent EOR Y
S4 9/19 6.5 59 > 10.0 Y
S5 9/17 (Arm pain-6.0) 0 NOT RUN N 2
S5 9/19 6.0 75 -0 (Subj Terminate-7.5) Y
S6 9/16 4.0 0 7.5 0 N I
S6 9/18 6.5 50 8.0 (arm pain) 0 Y
S7 9/18 7.0 50 (Subj Terminate-8.5) 0 N 3
S7 9/20 7.5 59 (Subj Terminate-9.0) 30 Y 3

MEANS +/- 1 sd: 6.35 +/- 1.07 (N = 13) > 8.33 +/- 0.61 (N = 6)

TABLE 4. +Gz-tolerance during rapid onset runs while wearing TLSS. Key: Y: data was
analyzed; N: not analyzed due to: 1 - data too noisy; 2 - L not recorded; 3 -
Data analyzed but too noisy to include in statistical analysis; 4 - Insufficient
data obtained during insertion; EOR: end of run.

Subject Date Relaxed +Gz- AGSM +Gz- Light Analyzed?
Tolerance Tolerance Loss

S1 9/16 8.9 10 65 Y
S1 9/18 7.2 NOT RUN 60 Y
S2 9/17 5.1 8.1 60 Y
S2 9/19 7.5 NOTRUN 60 Y
S3 9/16 5.6 9.0 75 N I
S3 9/18 4.9 NOT RUN 60-75 Y
S4 9/17 > 10 0 N 2
S5 9/16 > 10 (arm pain) 45 N 2
S6 9/17 5.4 10 60 Y
S7 9/17 7.8 10 60 Y 3

MEANS +/- I sd: > 6.55 +/- 1.49 > 9.42 +/- 0.86
I (N = 8) (N = 5)

TABLE 5. +Gz-tolerance during gradual onset runs while wearing Combat Edge. Key:
Y: data was analyzed; N: not analyzed due to: I -data too noisy; 2 - L not
recorded; 3 - Data analyzed but too noisy to include in statistical analysis.

5
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Subject Date Relaxed AGSM PLL Analyzed?
+Gz-Tolerance +Gz-*Toleran

Si 9/17 9.6 10.0 60 (0 @ end) Y
Si 9/19 9.9 NOT RUN 60 Y
S2 9/16 9.0 10.0 60 Y
S2 9/18 9.6 NOT RUN 60 Y
S3 9/17 5.6 9.2 60 Y
S4 9/16 > 10 NOT RUN 15 Y
S4 9/18 6.8 NOT RUN 60 Y
S4 9/19 8.4 NOT RUN 60 Y
S5 9/17 8.0 (forearm & NOT RUN N 2

calf pain)

S6 9/16 8.7 NOTRUN 30 N I
S6 9/18 7.2 NOT RUN 60 Y
S7 9/18 7.7 NOT RUN 75 N I

MEANS +/- 1 sd: 8.25 +/- 1.40 9.73 +/- 0.46
I (N = 10) (N = 3)

TABLE 6. +Gz-tolerance during gradual onset runs while wearing TLSS. Key: Y: data
was analyzed; N: not analyzed due to: I - data too noisy; 2 - L not recorded.

RESULTS

1. Calculated stroke volume and cardiac output values were within normal values
during pre-run periods and moderate stress loads. Data analyses for these values were
focused upon the corresponding stroke and cardiac indices, rather than SV and CO, which
account for the effects of individual subject body size.

2. CE data was averaged across subjects at +4 (N=9), 4.5 (N=3), 5 (N--5) and 6
(N=3) Gz. TLSS data was averaged across subjects at +4 (N=10), 5 (N--9), 5.5 (N=3), 6
(N=7), 6.5 (N=4) and 7 (N=3) Gz. Mean data were then compared for suit differences (at
+4, 5 and 6 Gz) and for +Gz level differences within each suit. Analyses were performed
on the data obtained during the 30 sec +Gz plateau. Note that in this analysis,
comparisons between +4 Gz and higher +Gz levels provided an indication of PPB level
effects (PPB was supplied at a rate of 12 mmHg/G, in which PPB began to operate at +4
Gz and reached 60 mmHg maximum at +9 Gz).

a. For the first statistical test, the data were grouped according to +Gz-
level and compared using t and Mann-Whitney tests in order to determine the overall
effect of increased +Gz-stress for each given suit type. Where statistical significance was
demonstrated by the t-tests (p < 0.05), Mann-Whitney test results were similar (z < 0.05).
Mean plateau values are given in Table 7. Note that tests were not run using the TLSS +7
Gz PWD or HI data because only 2 sets of subject responses were available. In sum, for
almost all comparisons, PWD and APWD were not significantly different for either
ensemble. HR increased, as well as AHR, with higher +Gz-loads regardless of which suit

6
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was worn. It was seen that the extent to which HR increased was greater while subjects
wore CE rather than TLSS for comparable +Gz-loads. TLSS HI decreased at +6 and 6.5
Gz-load as compared to +4 to +5.5 values. CE HI or AM were not significantly changed.
TLSS AM tended to rise with increasing stress until +6 Gz at which point the increases
were smaller (at +6.5, AM declined by 5.5%). As +Gz increased, the drop in CE &SI and
ACI also increased in a linear fashion. For TLSS, the decline in ASI was actually smaller at
+5 and 5.5 Gz. While ASI dropped to its lowest level at +6 Gz, the decline was less at
+6.5 and 7 Gz (+7 Gz SI was not significantly different from +4 to 6 Gz levels). TLSS
ACI also changed in a pattern quite different from CE. +5 Gz ACI was actually about +2%
greater than pre-stress levels. ACI did drop at +6 Gz and above, though there was no
significant difference between +6 to +7 Gz values. In fact, +7 Gz ACI was
indistinguishable from +4 Gz values.

b. The previous section described how the various parameters changed as +Gz-
load increased. In an attempt to determine whether those differences were due to +Gz-
level or suit type or both, the +4, 5 and 6 Gz data were grouped according to (1) suit
worn and (2) +Gz level. These groups were then analyzed using t-test, ANOVA, Fisher's
LSD post-hoc test and the Kruskal-Wallis test. The results of the ANOVA are given in
Table 8. It was found that CE SI were significantly greater than TLSS values. From the
LSD test, the difference in SI values were due to both suit type and +Gz-level. For ASI,
the LSD test indicated that the differences were due to suit type and the difference
between +6 Gz values and the +4 and 5 Gz values only. While no differences were
demonstrated for APWD, based on suit type or stress level, a two-way ANOVA did
demonstrate an interaction between the two parameters. This may have been due solely to
the increased degrees of freedom associated with this test. T-test results indicated that CE
CI was significantly greater than TLSS. However, since the variance of these values was
unequal, ANOVA could not be performed. Kruskal-Wallis results did indicate that
differences could be attributed to suit type (T = 12.79, Prob CI > T = 0.0003).
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+Gz Suit PWD HR HI SI C1 ASI ACI All APWD AHR
s bpm 0 ml/beat L/rmin

4 CE 0.080 114 20.84 36.66 4.22 -17.6% -11.7% 15.7% -3.5% 7.8%
+/-.003 +/.0.7 +/-1.08 +1-1.70 +1-0.18 +/-2.2% +/42.5% +1-4.7% +-4.9% +1-0.6%

4.5 CE 0.095 115 14.31 23.97 2.73 -23.5% -15.1% 2.6% -7.7% 12.3%
+1-.010 +/-4 +1-2.35 +1-2.10 +1-0.32 +1-6.3% +1-9.4% +/- 16.4% +1- 9.5% +-4.4%

5 CE 0.073 124 22.10 43.42 5.55 -28.0% -17.2% 27.4% -15.6% 15.0%
+/- .005 +/-5 +/-1.57 +/.1.90 +/.0.27 +W-1.6% +/. 2.1% +/.7.2% +/- 5.4% +/-4.5%

6 CE 0.075 123 20.82 31.92 4.13 -31.6% -22.6% 1.8% -0.4% 14.4%
+/-.014 +/-1 +1-4.18 +/- 1.38 +1.0.14 +1-1.3% +1-0.6% +1-23.8% +/.18.4% +1-1.1%

4 TLSS 0.081 109 22.31 34.46 3.74 -15.3% -10.3% 5.4% -3.9% 6.0%
+/-.008 +/-0.5 +/-2.90 +/-1.32 +/- 0.15 +/-4.1% +1-5.0% +/-13.2% +/-10.3% +1-0.3%

5 TLSS 0.080 118 22.43 31.95 3.79 -10.8% 2.3% 14.9% -3.2% 14.3%
+/- .004 +/- I +/-1.42 +/- 0.28 +/-0.07 +/- 0.4% +/40.5% +/1 6.7% +/-4.4% +W- 1.2%

5.5 TLSS 0.080 132 21.74 31.99 4.23 -9.7% -2.3% 28.8% -13.6% 7.8%
+1..008 +/-1 +1-3.73 +/-2.12 +/-0.24 +/44.8% +/-4.2% +/-23.1% 1A7.9% +/-].0%

6 TLSS 0.076 118 17.99 27.40 3.22 -30.8% -21.8% 12.4% -18.6% 14.1%
+/- .002 +/- 1 +/.0.76 +/-2.00 +/40.21 +W-5.3% +/-4.9% +1-5.0% +/- 3.5% +/- 1.2%

6.5 TLSS 0.068 105 15.50 21.53 2.71 -24.6% -21.2% -5.5% -9.7% 5.4%
+I- .019 +/. Is +/- 1.44 +/12,51 +/.0.28 +/- 3.3% +1.2.0% +1-8.6% +W-6.1% W-12.7%

7 TLSS * 128 * 21.63 4.15 -23.2% -14.7% * * 11.3%
+1-3 +I1 2.49 +I- 0.26 +145.3% +/-5.4% +1-2.2%

TABLE 7. Mean (+/- 1 standard deviation) cardiac parameters for each +Gz plateau

tested for which the number of data points (N) was at least 3 (*value not listed
because N = 2).

Parameter Factor F ratio Prob>F

SI suit 77.92 0.000
Gz 45.16 0.000

suit x Gz 14.91 0.001
ASI suit 22.88 0.000

Gz 40.78 0.000
suit x Gz 13.60 0.001

APWD suit 0.22 0.650
Gz 0.75 0.494

suit x Gz 4.02 0.046

TABLE 8. Two-way ANOVA results comparing SI, ASI and APWD across 4, 5 and 6 Gz
taken as a group for CE and TLSS ensembles.

3. T-tests were run to compare CE versus TLSS at paired +Gz-levels (+4, 5 and 6 Gz
- the only groups in which sufficient numbers were available for statistical comparisons).
Through these tests, it was possible to demonstrate differences referable to suit type, as
shown in Table 9. There were no statistical differences shown in cardiac function between
the two suit types at +4 Gz level, except that CE HR was about 5 bpm higher than TLSS
and CE CI was about 0.5 L/min/m 2 greater than TLSS. At +5 Gz, while mean SI and CI
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values were higher for CE, the corresponding relative changes in these indices for TLSS
were significantly smaller. Pulse wave delay was also reduced to a greater extent for
subjects wearing the CE garments. At +6 Gz, while no significant differences were
demonstrated associated with the normalized cardiac parameters, mean values of CE SI
and CI were higher than TLSS.

+Oz Parameter t CE mean value TLSS mean value
4 AHR +4.54 0.011 +7.8 +/. o.6% +6 +6/-o.-%
4 HR +11.66 0.0003 114 +4.0.7 109 +/-0.5
4 CI +3.58 0.023 4.22 +/.O.13 3.74 +/-o.15
5 ASI -17.92 0.0004 -28 +/- 1.6% -10.8 +/.0.4%

5 ACI -15.63 0.004 -17.2 +/42.1% -2.3 +1- o.s%
5 APWD .3.07 0.037 -15.6 +/.5.4% -3.2 +1.4.4%

5 SI +10.98 0.008 43.42 +/.-1.9o 31.95 +/-0.29
5 CI +11.17 0.008 5.55 +/-2.07 3.79 +/-o.o7
6 SI +3.74 0.020 31.92 +/- 1.32 27.40 +/-2.0
6 CI +6.28 0.003 4.13 +/-0.14 3.22 +/. o.21
6 HR +2.95 0.042 123 +4-1.2 118 +4-1.3

TABLE 9. T-test statistical differences comparing CE to TLSS cardiac paramew
calculated at +4, 5 and 6 Gz. Values are mean +/- 1 standard deviation.

4. In order to interpret how subject cardiac physiology responded to increased
PPB levels at higher +Gz-loads for each ensemble, t-tests were conducted comparing
mean +4 Gz values (stressed, though PPB still inactive) to +4.5, 5 and 6 (for CE) and to
+5, 5.5, 6, 6.5 and 7 Gz (for TLSS) (see Table 10). For CE, the decline in ASI and ACI
was significantly greater at +5 and 6 Gz as compared to +4 Gz values. The increase in
heart rate at +6 Gz was significant relative to +4 Gz. The change in pulse wave delay was
smaller at +5 Gz as compared to +4 Gz. For TLSS, the comparisons indicated the
following. As expected, as +Gz-load increased, there was a drop in SI and CI. The
relative decline in ASI and ACI increased at +6 and 6.5 Gz, though there was a slight
increase in ACI at +5 Gz. However, when the PPB level reached 36 mmHg at +7 Gz, the
difference in ASI and ACI relative to +4 Gz values was not significant (+7 Gz ASI =
-23.2%, t = 2.03, p<0.112 and ACI = -14.7%, t = 1.03, p<0.362). As with CE values,
TLSS heart rate did rise as +Gz-load increased but the relative changes in heart rate at the
various +Gz levels were not significant. Comparisons which proved statistically
significant are shown in Table 10.
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Suit +Gz Parameter t D < +4 Gz value +Gz value
CE 5.0 ASI 6.67 0.003 -17.6 +/- 2.2% -28 w- i. 6A
CE 6.0 ASI 9.70 0.001 -17.6 +/-2.2% -31.6 +/. 1.3%

CE 5.0 ACI 2.91 0.044 -11.7 +1.-2.s% -17.2 +/-2.1%
CE .6.0 AC! 7.20 0.019 -11.7 +4.2.5% -22.6 +1.0.6%
CE 5.0 APWD 2.85 0.046 -3.5 +1.4.9% -15.6 +/-5.4%

CE 6.0 AHR -9.43 0.001 +7.8 +1. 0.6% +14.4 +/-1.1%
CE 4.5 SI 8.13 0.001 36.66 +/-1.7 23.97 +/-2.1o
CE 5.0 SI -4.59 0.010 36.66 +1-1.7 43.42 +1- i.9o
CE 6.0 SI 3.86 0.018 36.66 +1-1.7 31.92 +/- .•3
CE 4.5 CI 7.16 0.002 4.22 +1.o.3s 2.73 +/-0.32
CE 5.0 CI -7.20 0.002 4.22 +1. o.18 5.55 +/- o.27

CE 4.5 In 4.37 0.012 20.84 +/. i.o8 14.31 +/- 2.3s
CE 6.0 HR -10.92 0.0004 114.1.0.7 123 +/ 1.2

TLSS 6.0 ASI 4.01 0.016 -15.3 +4.4.1% -30.8 +1- s.3%
TLSS 6.5 ASI 3.06 0.038 -15.3 +/.4.1•% -24.6 +/.33%

TLSS 5.0 ACI -4.35 0.049 -10.3 +/. 5.0% +2.3 +1-o.5%
TLSS 6.0 ACI 2.84 0.047 -10.3 +/-5.0% -21.8 +1-4.9

TLSS 6.5 ACI 3.48 0.040 -10.3 +-5.oO% -21.2 +/.2.0%

TLSS 6.0 SI 5.10 0.007 34.46 +1.132 27.40 +1.2.00
TLSS 6.5 SI 7.92 0.001 34.46 +/.1.32 21.53 +1.2.51

TLSS 5.5 CI -2.97 0.041 3.74 +1. o.15 4.23 +/.o.24

TLSS 6.0 CI 3.49 0.025 3.74 +/.o.15 3.22 +/-0.21
TLSS 6.5 C1 5.58 0.005 3.74 +1.o.15 2.71 +/.0.28

TLSS 5.0 HR -13.22 0.001 109 +/.0.5 118 +/- 1.2

TLSS 6.0 HR -8.57 0.013 109 +/-0.5 118+41.3
TLSS 6.5 HR -8.79 0.013 109 +/.0.5 105 +1-17.5
TLSS 7.0 HR -12.11 0.007 109+1.0.5 128+1-2.6

TABLE 10. Statistically significant differences (t-test) found when comparing +4 Gz
responses to higher +Gz levels for subjects wearing CE and TLSS. Values
are mean +/- 1 standard deviation.

5. In an attempt to study physiologic responses at similar physiologic stress levels,
cardiac parameters taken at each subject's ROR +Gz-tolerance level during the 30 sec
plateau were grouped for comparison based on suit type. These levels varied between and
within subjects as shown in Tables 3 and 4. For this analysis, unpaired t-tests Mann-
Whitney Two Sample tests and were conducted comparing individual subject data. The
corresponding subject data is given in Table 11. Based on t-test comparisons performed
on all subjects as a group, there were no significant differences in cardiac parameters
between the two suit types alone, though the Mann-Whitney test suggested that CE CI
was significantly greater than TLSS (t = 1.35, p < 0.184 and z = 6.27, Prob Izi > z =I

0.000). CE AHR was greater than TLSS even though subjects wearing the TLSS garment
had higher +Gz-tolerance levels than when they wore the CE ensemble (t = 2.66, p <
0.0 15 and z = 2.25, Prob Jzi > z = 0.025).
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Subje Suit Date +Gz HI SI CI AMI ASI ACI
SI CE 9/18 5.0 26.37 70.91 9.40 97.5 +/. -25.7 +/- -14.7 +/-

+/-5.40 +41 1i.52 +/4 1.60 20.0% 12.1% 14.5%
SI CE 9/16 6.5 20.51 53.11 7.66 -0.5 +1. -38.7 +/- -27.5 +/-

+/-4.97 +/-6.67 +1- 0.63 24.1% 7.7°e 6.0%

SI TLSS 9/17 8.0 ? 50.68 7.22 ? -31.4 +/- -16.6 +/-
+/. 3.44 +/. 0.74 4.6% 8.6%

S2 CE 9/19 4.5 14.89 19.72 2.26 -1.3 +/. -40.8 +/. -24.2 +/-
+4-4.48 +/-3.89 +1-0.52 3.0%/o 11.7% 17.4%

S2 CE 9/17 5.5 24.33 45.3 +/- 6.21 -11 +/. -36.2 +/- -19.5 +/-
+1-0.55 8.16 +/-0.95 2.0% 11. 5% 12.3%

S2 TLSS 9/16 6.5 22.12 24.67 3.00 18.9 +1. -28 +/- -25.6 +&-
+/- 1.59 +/40.18 +/-0.17 8.6% 0.6% 4.2%

S2 TLSS 9/18 7.5 19.54 17.80 2.44 11.1 +/- -37.5 +/- -29.3 +/-
+/- 1.96 +/- 1.59 +/-0.26 11.1% 5.6% 7.6%

S3 CE 9/18 4.0 21.62 29.77 3.53 19.5 +/- 0.2 +/. -6.1 +/-
+/- 0.11 +/. 14.0 +/-0.27 0.7% 4.7/a &.2%

S3 CE 9/16 4.5 13.00 32.04 3.44 -4.7+/. -4.5 +/- 0.1 +/-
+/- 3.04 +1- 6.38 +/.0.96 22.3% 2.1% 27.3%

S3 TLSS 9/19 5.5 17.23 27.52 3.18 -12.3 +/- -33.2 +/- -30 +/-
+/- 1.34 +I-3.97 +/.0.40 ".-do 9.7% &W3%

S3 TLSS 9/17 6.5 13.04 26.22 2.81 -38.1 +/. -55.7 +/. -52.6+/-
+/-3.31 +/-9.39 +/-0.36 1&.1% 16.2% 14.6%

S4 TLSS 9/16 5.5 18.42 26.22 3.83 -6.7 +/. 10.4 +/. 22.4 +/-
+4-2.80 +/- 1.43 +/40.19 16.2% 6.1% 6.2%

S4 TLSS 9/18 5.5 29.59 42.23 5.68 91.9 +1- -6.4 +1. 0.7 +/-
+/.7.64 +/. 2.93 +/.0.47 49.3% 6.5% &.4%

S4 TLSS 9/19 6.5 22.43 27.32 4.16 -2.9 +/- -14.8 +/- -6.6 +/-
+/-6.56 +/- 1.00 +/-0.11 2.8% 3.2% 2.4%

S5 TLSS 9/20 6.0 15.83 29.95 3.16 15.2 +/. 2.8 +/. 6.3 +/.
+/-3.35 +/.3.25 +1-0.19 24.4% 11.2% 6.5%

S6 CE 9/17 4.5 15.05 20.15 2.48 13.9 +/- -25.1 +1. -21.3 +/-
+/-4.24 +/- 0.62 +/.0.02 32.0% 2.3% 1.5%

S6 CE 9/19 6.0 15.23 50.43 5.13 -29.6 +/- -56.4 +/- -50.5 +1-
+1- 2.07 +/- 1.12 +/- 0.17 9.60/o 2.3% 4.4%

S6 TLSS 9/18 6.5 22.94 17.41 2.05 58.3 +/- -35.2 +/- -31.7 +/-
+4-7.00 +1- 2.39 +/- 0.33 48.3% 3.9%/0 11.1%

TABLE 11. Cardiac indices averaged (+/- 1 standard deviation) during 30 sec plateau at
each subject's +Gz-tolerance level. ? = ECG quality too poor to calculate HI;
* = S5 CE runs terminated prematurely due to arm pain.

Individual subject responses were also tested at their +Gz-tolerance levels. The
only difference based on suit type found for Subject SI was that TLSS tolerance HR was
greater than for CE. For Subject S2, TLSS AMI actually increased at plateau and the
drop in CE APWD was smaller and PWD was larger than TLSS. There was a greater
increase in AM for CE as compared to TLSS. The drop in AHI, ASI, APPWD and ACI for
Subject S3 were greater when he wore TLSS as compared to CE. This result may be
misleading given the higher +Gz and PPB levels S3 reached with TLSS. As was seen for
Subject S2, TLSS AM for Subject S6 also increased at plateau. His CE HR was also
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greater than his TLSS tolerance HR. Statistically significant t-test and Mann-Whitney
results are given in Table 12.

Subject Parameter t t < z Prob IzI > z
Si HR -2.38 0.049 -0.90 0.366
S2 APWD 3.79 0.004 2.40 0.016
S2 AHR 5.30 0.0003 2.88 0.004
S2 &HI -2.37 0.045 -1.92 0.055
S2 PWD 2.91 0.023 2.56 0.010
S3 ASI 4.74 0.001 2.72 0.007
S3 ACI 4.38 0.001 2.72 0.007
S3 A[] 2.97 0.014 2.08 0.037
S3 APWD 2.60 0.026 1.84 0.066
S6 HR 4.08 0.005 0.26 0.796
S6 H[] -2.51 0.041 -1.81 0.071
S6 HI -1.85 0.162 -2.07 0.039

TABLE 12. Statistically significant differences comparing CE vs TLSS (based on suit type
not +Gz-level) for individual subjects at their +Grz-tolerance levels using t and
Mann-Whitney tests.

6. Data obtained from ROR's which were terminated due to 600 or greater PLL
were subjected to t-test and one-way ANOVA to determine potential suit differences.
This data set consisted of the pre-run, recovery and, typically, one data point at +Gz
plateau (600 PLL typically occurred by 10 sec at plateau). No statistical differences could
be demonstrated.

Another method to compare subject responses at a similar physiologic stress level,
was to investigate responses based on PLL levels (e.g. group data from 00 to 290, from
300 to 440 and from 450 to 590). Unfortunately, there were insufficient data at different
light loss classes to conduct valid statistical tests. Most of the subjects experienced 00
PLL up until the G-tolerance run or when the run was ended due to PLL > 600.

7. Relaxed GOR's are typically run to allow for subject cardiac reflexes to be fully
activated before reaching high levels of stress. To investigate cardiac responses based on
suit differences during relaxed GOR, individual subject responses for CE vs TLSS over
the same time at G were compared using t-tests. Sufficient data for tests was available for
subjects S 1, S2, S3 and S6. Two CE runs for S2 were compared against S2's one TLSS
run set, likewise for SI. For Subject SI, the drop in TLSS ASI and ACI were marginally
greater than for CE (t = -2.05, p<0.056 and t = -2.09, p<0.051, respectively). For
subjects S2, 53 and S6, relaxed GOR responses could be compared for the period
between +2 and 5 Gz. Data was also available for subject S2 between +2 and +8 Gz. All
statistically significant tests results are given in Table 13 (not statistically significant results
are omitted).
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These tests indicated that only Subject S2's CE ACI was significantly larger than his
TLSS values. For all subjects, ASI values were indistinguishable between the two suits.
The results in Table 13 seem to indicate that at lower +Gz-loads, CE AMII was greater than
TLSS. If one averages HIN at each +Gz level from +2 to 7 Gz for all subjects, the relative
change in CE HI was consistently greater than TLSS (an approximately 33% increase vs a
7% rise, respectively). The relative stability of TLSS &M may be due to the greater body
coverage it has as compared to CE. Heart rate was also greater while wearing the CE as
compared to the TLSS ensemble.

Subject +Gz range Parameter t p < Mean CE Mean TLSS
value value

S2 2 -5 ACI 2.61 0.023 10.3 +1- 19.7% -16.6 +1.23.0%
S2 2 -8 ACI 2.21 0.040 3.6.+/.28.0% -19.3 +/.19.o0%
SI 2-7 CI 2.66 0.016 11.33 +/-3.25 8.24 +1. 1.67
S2 2 -5 CI 3.38 0.007 5.46 +1. 1.15 3.62 +/-o.98
S3 2 -5 CI 4.63 0.004 4.03 +/. o.4* 5.95 +/-..o68
S2 2 -5 SI 3.66 0.004 44.91 +/. 9.o4 30.15 +1.6."
S3 2 -5 SI -5.45 0.002 33.55 +/- 3.91 54.38 +/. 6.52
S2 2 -8 AlI -4.16 0.001 -16.3 +4.12.7% 27.4 +/.o 0_s%
S3 2 -5 AHI 4.30 0.005 38.6 +/.- .5% 4.3 +4-13.5%
S2 2 -8 HI -6.47 0.000 16.68 +/.2.54 29.12 +/-6.o2
S2 2 -8 APWD 6.56 0.000 4.3 +/-s.30% -23.7 +/.14.0%
S6 2 -5 APWD -2.51 0.046 -34.9 +/.13.1% -4.3 +/.16.7%/
S2 2 -8 a PWD 6.28 0,000 0.083 +1. o.o4 0.062 +/.o.o0l
S2 2-8 AHR 4.07 0,020 46.6 +/. 1s.,% 17.8 +/- 12.6%
S2 2 -8 a AHR 5.64 0.0001 46.6 +/is.9% 4.3 +/. i1.90
S6 2 -5 AHR 5.43 0.002 21.0 +1.4.1% -0.80 +/-/6.9%
S3 2-5 HR 3.60 0.011 120+/.4.4 110+/.3.9
S6 2 -5 HR 4.22 0.006 124 +144.3 106 +/-7.4

TABLE 13. Statistically significant t-test results for individual subject responses while
wearing CE as compared to TLSS during relaxed GOR. Values are mean
+/- 1 standard deviation, a = compared 9/16 TLSS to 9/19 CE data.

8. The data in Appendix A, which contain the individual subject responses while
wearing either ensemble, illustrate that there was, as expected, a good deal of individual
variability. For CE, there was a decline in stroke volume and cardiac output (on average,
about 33 and 23% less than pre-run levels at +6 Gz-load, respectively) with an increase in
heart rate. For TLSS, the drop in stroke volume and cardiac output reached a minimum at
+6 Gz (on average, about 37 and 27% less than pre-run levels, respectively), then there
was an improvement at +6.5 Gz and above. When interpreting these data in order to
compare how the heart may have responded differently while subjects wore either
ensemble, it is important to note that only with the TLSS garment did subjects achieve
sufficient +Gz-loads to receive PPB levels above 30 mmHg (only subject S5 on 9/19
completed 30 sec above +6 Gz). With that in mind, based on trends across all subjects
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after 30 sec at plateau during relaxed ROR's (at +4 Gz and higher), the following
observations are presented:

a. ACI: For subjects wearing CE, the greater the +Gz-load, the greater the
decrement in ACI as compared to pre-run values. For TLSS runs, however, this
relationship was not nearly as linear. The drop in ACI was slightly less at +5 and 5.5 Gz
than at +4 Gz (within +/- 4% of pre-stress levels). &CI reached a minimum at +6 Gz (33%
lower than pre-stress) and then rose above +6.5 Gz.. At +7 Gz, the drop in ACI is 21%
lower than pre-stress while at +4 Gz, the decline in ACI is 12%. This trend was seen for
all subjects wearing TLSS except for subject S3, who demonstrated a decline in aCI as
+Gz load increased. For subjects wearing CE, 5 of 9 data sets had the lowest drop or
even a slight increase in cardiac index at +4 to 4.5 Gz.

b. ASI: As expected, the change in stroke index followed basically the
same pattern as ACI for CE and TLSS. CE ASI declined as +Gz-load increased. The
reduction in TLSS mean ASI after 30 sec at plateau reached a minimum at +5.5 Gz (6%
lower than pre-stress), a maximum at +6 Gz (42% lower than pre-stress), then it improved
at +6.5 Gz and above.

c. CO: Overall, when subjects wore CE, as +Gz-load increased, cardiac
output fell. In 4 of 8 data sets, however, CO was greater at +5 or +6 Gz than at +4 Gz
(on the order of I L/min). When they wore TLSS, on average, the peak CO occurred at
+5.5 Gz, the minimum at +6 Gz, following by an increase in CO as +Gz-load rose above
+6 Gz. For 8 of 10 TLSS data sets, CO after 30 sec at +Gz-tolerance levels was within
+/- 20% of each subject's +4 Gz CO. For subjects wearing CE, however, there was a
much greater variability in this relationship in that the difference between +Gz-tolerance
CO and +4 Gz CO ranged from a 75% drop (subject S6) to a 43% increase (subject SI).
There was considerable variability between subjects. For example, while TLSS CO
steadily declined for subject S3 with increasing +Gz, subject S I's highest CO occurred at
her tolerance level of +8 Gz. Mean cardiac outp, t for all subjects wearing CE after 30 sec
at plateau ranged from approximately 5.3 to 9.7 L/min and the range for TLSS was from
about 5.1 to 7.8 L/min. From +4 to +6 Gz, CE CO was about 21% higher than TLSS.

d. SV: As with CO, subjects wearing CE experienced greater reductions
in stroke volume as +Gz-load increased. Unlike CE CO, for 6 of 8 data sets, the greatest
SV was at +4 to +4.5 Gz. For subjects wearing TLSS, the largest SV's were measured at
+4 and 5 Gz (except for subjects S 1 and S2). There was no linear decrease in SV with
increasing +Gz level as seen with the CE data. Mean SV at +4 and +5.5 were essentially
equal (61.4 and 60.2 ml/beat, respectively). Minimum SV occurred at +6 to 6.5 Gz
followed by an increase at +7 Gz. In fact there was only a 20% difference between mean
+4 Gz SV and +7 Gz. Mean stroke volume for all subjects wearing CE after 30 sec at
plateau ranged from approximately 45.2 to 74.2 ml/beat and the range for TLSS was from
about 40.2 to 61.4 ml/beat.

e. HR: For both ensembles, heart rates increased with increased +Gz-load.
After 30 sec, mean HR while wearing CE ranged from 114 to 127 beats/min and for
TLSS, rates ranged from 110 to 127 beats/min, for +4 Gz to +Gz-tolerance levels,
respectively. For +4 to +6 Gz, CE HR was slightly higher than TLSS (from 4 to 10 bpm).
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f. AHI: When subjects wore CE, the mean change in cardiac contractility
after 30 sec at plateau increased as +Gz-load increased. Mean AH ranged from +20% at
+4 Gz to +28% at +6 Gz. For subjects wearing TLSS, however, AIM varied by only +/-
10% with respect to pre-stress levels as +Gz-load ranged from +4 to +6.5 Gz. At +7 Gz,
there was a jump in TLSS AM to +30%.

g. APWD: In general, for both CE and TLSS runs, as +Gz-load increased,
the pulse wave delay decreased. At +4 to 5 Gz, TLSS PWD was the same as pre-stress
levels. At +5.5 Gz and above, OPWD was 10 to 24% shorter than pre-stress values
(minimum sPWD occurred at +6 Gz). For ILSS, APWD ranged from a mean high of
+2% to a low of -24%. For CE, &PWD ranged from +1% to -21%.

9. In a study on the effects of PPB and AGSM in miniature swine, Burns et all
reported changes in chronically measured left and right ventricular stroke volume (LVSV
and RVSV, respectively) and cardiac output (LVCO and RVCO, respectively) during
GOR to +9 Gz. The swine in this study wore an extended coverage anti-G suit, which
included a counter pressure jerkin and coverage over the abdomen and rear legs down to
the feet. Under +Gz-stress, swine strain spontaneously. The relative drop in these indices
was similar to the calculated human mean ASI and ACI, as shown below, given that the
human subjects did not perform AGSM or reach PPB pressures of 60 mmHg, as did the
swine at +9 Gz. In this study, the swine also wore an anti-G suit with only an abdominal
bladder (AbAGS). Burns suggested that the improvement in cardiac performance of the
ECGS vs the AbAGS in the swine was due to the increased peripheral resistance
associated with the ECGS.

Subject +Gz Suit ASV ACO ALVSV ARVSV ALVCO ARVCO
Human 9 TLSS -39% -18%
Human 7 CE -38% -16%
Swine 9 ECGS -33% -25% -520% -32%

Table A4. Mean change in stroke volume and cardiac output for human subjects at the
end of relaxed GOR exposures as compared to mean values chronically
measured on miniature swine as reported by Burns et all.

DISCUSSION

A rise in cardiac contractility is typically caused by increased stretch in the cardiac
muscles, as described by the Frank-Starling Law5. Under normal circumstances, if end
diastolic volume increases, myocardial fibers are stretched to a larger extent which leads to
a more forceful contraction to expel the increased volume. Based on the Starling effect
alone, the drop in venous return caused by blood pooling in an unprotected individual
exposed to +Gz-stress should be accompanied by a decline in contractility. Yet in
response to +Gz-stress, heart rate increases. This is due to an extrinsic autonomic control
mechanism which increases sympathetic stimulation to the heart thereby producing a dual
effect: (1) myocardial excitability increases which reduces the conduction time for nervous
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impulses to travel through the atrioventricular node and (2) the force of cardiac
contractility increases which leads to more complete emptying of the ventricles during
systole - hence a lower end systolic volume5 . For these intrinsic and extrinsic control
mechanisms to function properly under adverse conditions, total peripheral resistance must
be augmented to maintain cardiac output and systemic blood pressure.

The effects of increasing lower limb coverage during PPB were summarized in an
article by Glaister3. In it he presented data which indicated that as limb coverage was
increased, the PPB-induced rise in systemic arterial pressure was augmented in a
somewhat linear fashion. (Note that when comparing body coverage between CE and
TLSS, abdominal and thoracic coverage are the same while the TLSS garment provides
45% greater leg bladder coverage.) Glaister explained that this phenomenon was caused
by an interaction between the central blood volume receptors and the intrathoracic and
carotid sinus baroreceptors. As peripheral venous pressure rises due to blood pooling, the
carotid sinus baroreceptors sense the increase in blood pressure and induce a reflex
bradycardia. However, since the pressures inside and outside of the aorta rise
concurrently, the output from these receptors will conflict with the carotid sinus
baroreceptor and lead to an overall rise in systemic pressure.

Unfortunately, blood pressure measurements were not be made during these
experiments due to technical problems with the device. Given this limitation in the data
set, and the results listed above, the following conjecture can be made. With sufficient
counter pressure on the limbs and thorax during PPB, it is possible to assist cardiac
efficiency by reducing the amount of blood displaced from the chest and by increasing the
effective right atrial pressure2, though to a level that is below unstressed values.

From Tables 7 and 9, it was shown that while CE SI and CI were greater than
TLSS at loads up to +6 Gz, there relative decline in these indices (ASI and ACI) were
smaller with the TLSS ensemble as compared to the CE. Table 8 indicated that this
difference could be attributable to the suit type for ASI and +Gz level. Table 9 shows that
TLSS ASI and ACI were significantly smaller at +5 Gz. For TLSS (see Figures 29-32),
ASI and ACI fall to a minimum at +6 Gz, then the decline in these indices was reduced
with higher breathing pressure (30 mmHg and above). Of greater interest was the finding
that there was no statistical difference between +4 and +7 Gz TLSS ASI and ACI. One
could infer that the addition of 36 mmHg in the TLSS ensemble enabled the heart to
function at a level commensurate with much lower stress levels. Table 10 showed that
these changes were significant when comparing 0 mmHg values to 24 and 30 mmHg data.
For the CE data (see Figures 19-22), mean ASI and ACI fell as the +Gz-load increased. As
compared to 0 mmHg values (at +4 Gz), these declines in ASI and ACI were significant for
PPB levels up to 24 mmHg.

There was an apparent difference in the way cardiac contractility changed between
the suits as well. As shown in Figure 33, while mean TLSS AHI increased as +Gz stress
was applied at all levels tested, the range was only approximately +/- 10% after 30
seconds at plateau, except for +5.5 and 7 Gz values. For CE data (Figure 23), AIM
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increased by at least 20% after 30 sec at plateau up to +6 Gz. There was not the
consistency in the CE data as there was in the TLSS. Of interest in a discussion of AI
were the results calculated during GOR exposures. From the results listed in Table 13, it
appeared that at higher +Gz-load and PPB levels, AM-I for subjects wearing TLSS
increased, while they decreased when wearing the CE ensemble. The opposite was true at
lower (+5 Gz and below) +Gz-loads.

From Figures 27 and 37, it was shown that TLSS and CE APWD shortened as
+Gz-load increased, probably as a function of the increased heart rate. Note that from
Tables 7 and 9, HR associated with wearing CE was higher than with TLSS. While a
statistical difference was demonstrated at +4 and +6 Gz, the difference of about 5 bpm is
not operationally significant.

It was presumed that comparisons across the subjects taken at their respective
+Gz-tolerance levels would represent a similar physiologic state. While it could be
demonstrated that there was a significant difference in heart rate at tolerance between the
two suits, probably due to the fact that individuals had a greater +Gz-tolerance with TLSS
than CE, no other differences in cardiac indices were found. When individual subject
responses were compared for differences based on suit type, the only consistent index for
these subjects was AH1. Table 12 shows that CE 611 decreased while TLSS AIR
increased for subjects S2 and S6 at their +Gz-tolerance levels. For subject S3, the reverse
was true.

The body's various regulatory systems are designed to compensate for wide
variations in physiologic stresses in order to maintain as close to "normal" operating levels
as possible. Typically this involves a balance between overcompensation and
undercompensation in the fashion of a damped second order system. Protective gear that
can in effect increase the damping factor of these systems should afford individuals an
increased ability to withstand these stresses over longer exposure times. It may have been
an advantage for this subject pool to wear the TLSS, as opposed to the CE, ensemble
which allowed individuals to achieve a more consistent level of cardiac contractility along
with a smaller increase in heart rate as +Gz-stress rose over the entire insertion period.

Furthermore, it may be postulated that, at least for some of the subject pool, the
TLSS garment was more effective at compensating for the loss of venous return to the
heart than the CE ensemble once PPB reached at least 30 mmHg (at the +6.5 Gz level) by
reducing the drop in SI and CI. Also, the magnitude of ASI and ACI were relatively
smaller for TLSS as compared to CE. Therefore, even though the absolute value of SI
and CI were greater with the CE, the TLSS garment was apparently able to limit the
reduction in ventricular volume more effectively. The combination of a more consistent
level of cardiac contractility and stroke volume enabled the ventricles to be as forcefully
and completely emptied as possible even though there was less blood in the heart. These
factors along with a higher heart rate and increased lower limb coverage, which led to an
assumed higher peripheral arterial and atrial pressure, may have led to the increased +Gz-
tolerance levels obtained when subjects wore the TLSS ensemble.
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Maintenance of cardiac filling results from a balance between the increased
intrathoracic pressure tending to reduce venous return to the heart and the efficiency of
lower body counterpressure as it acts to increase effective blood volume in the torso by
forcing blood out of the extremities. The key question then is to determine what the
optimal balance should be between these two pressures with the caveat that the combined
pressures should be at a comfort level acceptable to aircrew. Therefore, it is essential in
future studies to meaningfully compare garments like these during application of +Gz-
stress, total peripheral resistance must be calculated. The following formula may be
used6:

Total peripheral resistance = MAP / CO

where, mean arterial pressure (MAP) = 1/3 SBP + 2/3 DBP; SBP = systolic blood
pressure and DBP = diastolic blood pressure.
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APPENDIX A

CALCULATED CARDIAC INDICES FOR EACH SUBJECT

KEY:

PWD: pulse wave delay (sec)
SV: stroke volume (mi/beat)
CO: cardiac output (liters/min)
HI: Heather index of cardiac contractility (D)
SI: stroke index (ml/beat/m 2)
CI: cardiac index (I/min/m2 )
bt: beat
PLL: 600 peripheral fight loss
G-LOC: +Gz-induced loss of consciousness
GOR: gradual onset rate run
ROR: rapid onset rate run

Normalized parameters (relative to pre-run values for each run) are
expressed as a fraction - for example, -0.49 refers to a 49% decrease
with respect to pre-run values. These are referred to in the body of
the report as ASI, ACI, AHI, APWD and AHR.
Missing cells occur when data was too noisy to analyze.
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CARDIAC PARAMETERS CALCULATED OWUING RELAXED ROR
SUBJECT: S1 SUIT: TLSS DATE: 9/17/91

.4 Gz
Timi PW) SV HR CO HI SI CI j SI Cl NI PWD Hit
Plateoau-s (s) (at/beet) (bp.) L/min) (ohm) (ml bt/l2)(L/bt/a2)j NorsaLized to 0
........................................ ............................................----------------------------

Pro-Run 0.056 98.189 111.1 10.909 40.946 60.685 6.742 0.000 0.000 0.000 0.000 0.000
10 0.060 104.659 102.3 10.707 36.447 64.684 6.617j 0.066 -0.019 -0.110 0.071 -0.079
20 0.060 80.671 102.3 8.253 32.626 49.858 5.101 -0.178 -0.243 -0.203 0.071 -0.079
30 0.100 73.194 107.1 7.839 20.000 45.237 4.845 -0.255 -0.281 -0.512 0.786 -0.036

Recovery 0.048 117.891 113.2 13.345 47.328 72.862 8.248 0.201 0.223 0.156 -0.143 0.019

+5 Gz
Pro-Run 0.067 91.594 107.1 9.810 30.896 56.609 6.063 0.000 0.000 0.000 0.000 0.000

10 0.090 88.166 111.1 9.795 22.482 54.491 6.054 -0.037 -0.001 -0.272 0.343 0.037
20 0.067 85.060 112.5 9.569 34.858 52.571 5.914 -0.071 -0.025 0.128 0.000 0.050
30 0.053 96.150 111.1 10.904 ".466 60.661 6.739 0.072 0.112 0.439 -0.209 0.037

Recovery 0.072 94.609 105.3 9.962 32.732 58.473 6.157 0.033 0.016 0.059 0.075 -0.017

+6 Gz
Pre-Run 0.040 113.083 100.0 11.308 54.671 69.891 6.989 0.000 0.000 0.000 0.000 0.000

10 87.033 118.4 10.305 53.790 6.369 -0.230 -0.089 0.184
20 109.037 107.1 11.678 67.390 7.217 -0.036 0.033 0.071
30 0.053 91.837 111.1 10.203 47.671 56.760 6.306 -O.I -0.096 -0.128 0.325 0.111

Recovery 0.080 108.970 113.2 12.335 31.582 67.348 7.624 -0.036 0.091 -0.422 1.000 0.132

+7 Gz
Pre-Run 0.053 110.115 123.0 13.544 43.665 68.056 8.371 1 0.000 0.000 0.000 0.000 0.000

10 91.242 136.4 12.445 56.392 7.692 1 -0.171 -0.081 0.109
20 111.875 125.0 13.984 69.144 8.643 0.016 0.033 0.016
30 98.698 125.0 12.337 61.000 7.625 1 -0.104 -0.089 0.016

Recovery 102.434 107.1 10.971 63.309 6.780 1 -0.070 -0.190 -0.129

+8 Gz

Pre-Run 0.050 119.563 117.2 14.013 48.408 73.896 8.661 1 0.000 0.000 0.000 0.000 0.000
10 75.695 136.4 10.325 46.783 6.381 -0.367 -0.263 0.164
20 86.226 140.6 12.123 53.292 7.493 -0.279 -0.135 0.200
30 84.062 150.0 12.609 51.954 7.793 -0.297 -0.100 0.280

Recovery 133.974 136.4 18.274 82.802 11.294 0.121 0.304 0.164

+9.5 Gz PLL Run

Pre-Run 0.060 116.999 119.0 13.923 35.173 72.311 8.605 0.000 0.000 0.000 0.000 0.000
7 98.539 141.5 13.943 60.902 8.618 -0.158 0.001 0.189

Recovery 117.246 122.4 14.351 72.463 8.870 0.002 0.031 0.029
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NAWCADWAR-93086-60

CARDIAC PAAAMTERS CALCULATED DURING RELAXED ROR
VUJECT: S2 SUIT: TLSS DATE: 9/16/91

.46z

Time PIq sV HR CO HI SI CI SI CI NI PW Ni
Ptteau-s (s) (t1/beat) (bpm) (L/sin) (oh.) (Ct/bt/l2)(L/bt/m2)I Normalzed to 0
........ *•.....................................................,...............................................

Pro-Run 0.093 54.199 111.1 6.022 16.674 33.129 3.681 1 0.000 0.000 0.000 0.000 0.000
10 0.066 39.702 102.1 4.054 21.559 24.267 2.478 -0.267 -0.327 0.293 -0.290 -0.061
20 0.064 43.219 107.1 4.629 23.610 26.417 2.829 -0.203 -0.231 0.416 -0.312 -0.036
30 0.076 37.773 107.6 4.064 17.273 23.009 2.484 -0.303 -0.325 0.036 -0.183 -0.032

Recovery 0.096 55.025 105.3 5.794 17.162 33.634 3.542 0.015 -0.038 0.029 0.032 -0.052

+.5 az
Pro-Run 0.088 52.713 106.0 5.588 17.371 32.220 3.415 0.000 0.000 0.000 0.000 0.000

10 0.066 33.774 112.2 3.789 17.621 20.644 2.316 -0.359 -0.322 0.014 -0.250 0.058
20 0.066 37.382 116.5 4.355 19.690 22.850 2.662 -0.291 -0.221 0.134 -0.250 0.099
30 0.080 34.900 108.6 3.790 14.758 21.333 2.317 -0.338 -0.322 -0.150 -0.091 0.025

Recovery 0.094 53.668 92.0 4.937 16.871 32.804 3.018 0.018 -0.116 -0.029 0.068 -0.132

+6 Oz
Pre-Run 0.093 50.646 99.3 5.029 16.247 30.957 3.074 0.000 0.000 0.000 0.000 0.000

10 0.058 40.969 110.6 4.531 26.356 25.042 2.770 -0.191 -0.099 0.622 -0.376 0.114
20 0.062 37.737 118.2 4.461 22.879 23.067 2.726 -0.255 -0.113 0.408 -0.333 0.190
30 0.066 36.356 116.5 4.235 20.691 22.222 2.589 -0.282 -0.158 0.274 -0.290 0.173

Recovery 0.088 55.972 115.9 6.487 20.024 34.213 3.965 0.105 0.290 0.232 -0.054 0.167

+6.5 Gz
Pre-Run 0.095 56.092 117.6 6.596 18.595 34.286 4.032 0.000 0.000 0.000 0.0 0.000

10 0.066 40.235 114.3 4.599 21.092 24.594 2.811 -0.283 -0.303 0.134 -0.305 -0.028
20 0.064 40.697 123.1 5.010 23.954 24.876 3.062 -0.274 -0.241 0.288 -0.326 0.047
30 0.068 40.137 127.7 5.126 21.314 24.534 3.133 -0.2b4 -0.223 0.146 -0.284 2.086

Recovery 0.092 58.926 109.6 6.458 17.908 36.018 3.948 0.051 -0.021 -0.037 --. 032 -0.068

+7 Gz PLL Run
Pro-Run 0.093 52.770 113.6 5.995 18.237 32.255 3.664 0.000 0.000 0.000 0.000 0.000

6 0.062 40.015 127.0 5.082 24.229 24.459 3.106 -0.242 -0.152 0.329 -0.333 0.118

Recovery 0.084 58.937 103.9 6.124 21.502 36.025 3.743 I 0.117 0.022 0.179 -0.097 -0.085
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NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROR
SUBJECT: 52 SUIT: TLSS DATE: 9/18/91

+462

Tim Q PWD SV MR CO HI SI C I SI CI HI PW HiR
Plateau-s (s) (lt/beet) (bipm) CLain) (ohn) (lt/bt/m2)(L/bt/m2)I Normtized to 0
......................................................................... ,,............................................

Pro-Run 0.087 51.796 93.8 4.858 17.880 31.660 2.970 0.000 0.000 0.000 0.000 0.000
10 0.080 32.657 103.4 3.377 20.697 19.961 2.064 -0.370 -0.305 0.158 -0.080 0.102
20 0.053 49.415 112.6 5.564 37.777 30.205 3.401 -0.046 0.145 1.113 -0.391 0.00
30 0.110 32.835 107:1 3.517 14.755 20.071 2.150 -0.366 -0.276 -0.175 0.264 0.142

Recovery 0.080 55.623 90.0 5.006 22.549 34.000 3.060 0.074 0.030 07261 -0.080 -0.041

'* NOTE: ÷5Gz Run Too Noisy To Anelyze ***

.6 Gz
Pre-Run 0.087 50.346 101.4 5.105 18.932 30.774 3.120 0.000 0.000 0.000 0.000 0.000

10 0.080 16.883 125.0 2.110 12.527 10.320 1.290 -0.665 -0.587 -0.338 -0.080 0.233
20 0.080 28.163 128.5 3.619 15.142 17.215 2.212 -0.441 -0.291 -0.200 -0.080 0.267
30 0.070 20.643 128.5 2.653 15.996 12.618 1.621 -0.590 -0.480 -0.155 -0.195 0.267

Recovery 0.080 49.790 109.1 5.432 20.997 30.434 3.320 -0.011 0.064 0.109 -0.080 0.076

+7 Gz
Pre-Run 0.093 38.791 110.3 4.279 14.009 23.711 2.615 0.000 0.000 0.000 0.000 0.000

10 0.064 28.715 133.3 3.828 20.221 17.552 2.340 -0.260 -0.105 0.43 -0.312 0.209
20 0.070 30.182 136.4 4.117 21.164 18.448 2.516 -0.222 -0.038 0.511 -0.247 0.237
30 0.064 27.525 140.5 3.867 19.608 16.824 2.364 -0.290 -0.096 0.400 -0.312 0.274

Recovery 0.080 52.430 98.4 5.159 23.148 32.048 3.154 0.352 0.206 0.652 -0.140 -0.108

+7.5 Oz
Pre-Run 0.080 46.608 121.0 5.640 17.593 28.489 3.447 0.000 0.000 0.000 0.000 0.000

10 0.072 28.156 130.4 3.672 17.429 17.210 2.244 -0.396 -0.349 -0.009 -0.100 0.078
20 0.064 32.052 139.5 4.471 21.310 19.592 2.733 -0.312 -0.207 0.211 -0.200 0.153
30 0.064 27.129 140.5 3.812 19.880 16.583 2.330 -0.418 -0.324 0.130 -0.200 0.161

Recovery 0.080 43.819 132.5 5.806 18.301 26.784 3.549 -0.060 0.030 0.040 0.000 0.095

+8 Gz PLL Run
Pre-Run 0.087 41.975 117.2 4.919 16.127 25.657 3.007 0.000 0.000 0.000 0.000 0.000

4 0.072 26.035 136.4 3.551 16.340 15.914 2.171 -0.380 -0.278 0.013 -0.172 0.164

Recovery 0.072 41.554 125.0 5.194 18.942 25.400 3.175 -0.010 0.056 0.175 -0.172 0.067
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NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROR
SUBJECT: S3 SUIT: TLSS DATE: 9/17/91

#4 GZ
Time PID SV HR CO HI Sl CI ISI CI HI PID HR
Ptatuu-s (s) (mL/beat) (bpo) WL/ain) (ohm) (ml/bt/m2)(L/bt/a2)j Hormotized to 0

- ------------------------------------ --...... -o ------- o---o---4.......................................................

Pre-Run 0.100 63.893 94.9 6.063 15.803 33.646 3.193 1 0.000 0.000 0.000 0.000 0.000
10 0.112 77.191 93.8 7.241 15.756 40.648 3.813 0.208 0.194 -0.003 0.120 -0.012
20 0.104 65.128 101.7 6.623 14.014 34.296 3.488 0.019 0.092 -0.113 0.040 0.072
30 0.104 72.753 100.0 7.275 15.871 38.311 3.831 0.139 0.200 0.004 0.040 0.054

Recovery 0.096 92.737 90.9 8.430 20.120 48.835 4.439 0.451 0.390 0.273 -0.040 -0.042

+5 Gz
Pre-Run 0.100 72.194 101.4 7.320 15.101 38.017 3.855 0.000 0.000 0.000 0.000 0.000

10 0.104 67.299 105.3 7.087 15.955 35.439 3.732 -0.068 -0.032 0.057 0.040 0.038
20 0.080 61.661 107.1 6.604 19.425 32.470 3.478 -0.146 -0.098 0.286 -0.200 0.056
30 0.105 48.445 103.4 5.009 15.134 25.511 2.638 -0.329 -0.316 0.002 0.050 0.020

Recovery 0.088 91.672 98.4 9.021 20.652 48.274 4.750 0.270 0.232 0.368 -0.120 -0.030

,6 Gz
Pre-Run 0.113 81.321 104.2 8.474 15.306 42.823 4.462 0.000 0.000 0.000 0.000 0.000

10 0.090 59.660 107.1 6.390 17.559 31.417 3.365 -0.266 -0.2"6 0.147 -0.204 0.028
20 0.072 31.863 107.1 3.413 12.316 16.779 1.797 -0.608 -0.597 -0.195 -0.363 0.028
30 0.100 32.832 115.4 3.789 9.658 17.289 1.995 -0.596 -0.553 -0.369 -0.115 0.107

Recovery 0.080 88.413 101.7 8.992 27.436 "6.558 4.735 0.087 0.061 0.793 -0.292 -0.024

+6.5 Gz
Pre-Run 0.113 112.342 100.0 11.234 21.056 59.159 5.916 0.000 0.000 0.000 0.000 0.000

10 0.088 70.135 101.7 7.133 17.160 36.932 3.756 -0.376 -0.365 -0.185 -0.221 0.017
20 0.100 44.220 111.1 4.913 12.291 23.286 2.587 -0.606 -0.563 -0.416 -0.115 0.111
30 0.110 35.010 112.5 3.939 9.658 18.436 2.074 -0.688 -0.649 -0.541 -0.027 0.125

Recovery 0.096 87.686 105.3 9.233 18.017 46.175 4.862 -0.219 -0.178 -0.144 -0.150 0.053

+7 Gz PLL Run
Pre-Run 0.100 101.334 101.4 10.275 19.052 53.362 5.411 0.000 0.000 0.000 0.000 0.000

7 0.090 55.514 115.4 6.406 16.037 29.233 3.373 1 -0.452 -0.377 -0.158 -0.100 0.138

Recovery 0.088 91.973 98.4 9.050 20.632 48.432 4.766 -0.092 -0.119 0.083 -0.120 -0.030
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NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROR
SUBJECT: S3 SUIT: TLSS DATE: 9/19/91

+4 Gz
Time PUD SV HR CO HI SI CI I SI Ci HI PU) MR
Plateau-s (a) (mt/beat) (bpm) (L/mnn) (ohm) Cuh/bt/m2)CL/bt/m2)I Normstized to 0

Pre-Run 0.057 89.966 92.6 8.331 22.864 47.376 4.387 0. 000 0.000 0.000 .00 0.000
10 0.072 63.738 113.2 7.215 26.308 33.564 3.799 I -0.292 -0.134 0.151 -0.172 0.222
20 0.088 82.689 103.4 8.550 20.788 43.544 4.502 I -0.081 0.026 -0.091 0.011 0.117
30 0.100 73.746 107.1 7.898 16.458 M3.84 4.159 1.-0.180 -0.052 -0.280 0.149 0.157

Recovery 0.088 73.277 101.7 7.452 22.065 38.587 3.924 -0.186 -0.105 -0.035 0.011 0.098

+5 Gz
Pro-Run 0.080 77.367 100.0 7.737 23.731 40.741 4.074 0.000 0.000 0.000 0.000 0.000

10 0.072 65.540 120.0 7.865 27.208 34.513 4.142 -0.153 0.017 0.147 -0.100 0.200
20 0.080 59.415 120.0 7.130 23.083 31.288 3.755 -0.232 -0.078 -0.027 0.000 0.200
30 0.072 62.756 115.4 7.242 25.648 33.047 3.814 -0.189 -0.064 0.081 -0.100 0.154

Recovery 0.088 73.857 96.4 7.268 23.365 38.893 3.827 -0.045 -0.061 -0.015 0.100 -0.016

+5.5 Gz
Pre-Run 0.093 78.283 110.3 8.635 19.647 41.223 4.547 0.000 0.000 0.000 0.000 0.000

10 0.080 44.522 118.4 5.271 16.739 23.45 2.776 -0.431 -0.389 -0.148 -0.140 0.073
20 0.088 52.629 115.4 6.073 16.199 27.714 3.198 -0.328 -0.297 -0.176 -0.054 0.046
30 0.080 59.645 113.9 6.794 18.737 31.409 3.577 -0.238 -0.213 -0.046 -0.140 0.033

Recovery 0.088 67.759 98.4 6.667 20.641 35.681 3.511 -0.134 -0.228 0.051 -0.054 -0.108

+6 Gz PLL Run
Pre-Run 0.087 82.605 86.2 7.121 20.506 43.499 3.750 0.000 0.000 0.000 0.000 0.000

5 0.070 64.647 123.3 7.971 27.337 34.043 4.197 -0.217 0.119 0.333 -0.195 0.430

Recovery 0.080 75.427 114.3 8.621 26.323 39.719 4.540 -0.087 0.211 0.284 -0.080 0.326
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NAWCADWAR-93086-60

CARDIAC PARAMTERS CALCULATED MIRING RELAXED ROE
SUBJECT: 54 SUIT: TLSS DATE: 9/16/91

#4 Gz
Time PW SV HR CO HI SI CI SI Cl HI PD NHR
Ptateau-s (s) (mt/beet) (bpm) L/min) ("ia) (mL/bt/m2)(L/bt/m2)I Normalized to 0
.........................................-.......-.......-..----........ ............................................

Pre-Run 0.090 44.858 126.6 5.679 16.200 23.899 3.026 0.000 0.000 0.000 0.000 0.000
10 0.088 51.138 135.6 6.934 20.388 27.245 3.694 0.140 0.221 0.259 -0.022 0.071
20 0.082 50.807 138.7 7.047 22.238 27.068 3.754 0.133 0.241 0.373 -0.089 0.096
30 0.086 49.201 135.6 6.672 19.885 26.212 3.554 0.097 0.175 0.227 -0.04A 0.071

Recovery 0.084 36.969 129.0 4.772 15.156 19.707 2.542 -0.175 -0.160 -0.064 -0.067 0.019

+5 Gz
Pro-Run 0.082 35.860 114.9 4.120 15.731 19.105 2.195 0.000 0.000 0.000 0.000 0.000

10 0.076 54.165 151.9 8.228 26.426 28.857 4.383 0.510 0.997 0.680 -0.073 0.322
20 0.080 51.022 148.1 7.556 22.584 27.183 4.026 0.423 0.834 0.436 -0.024 0.289
30 0.076 52.688 152.9 8.056 25.155 28.070 4.292 0.469 0.955 0.599 -0.073 0.331

Recovery 0.076 39.990 121.7 4.867 20.898 21.305 2.593 0.115 0.181 0.328 -0.073 0.059

+5.5 Gz
Pro-Run 0.085 44.585 131.6 5.867 17.252 23.753 3.126 0.000 0.000 O.000 0.000 0.000

10 0.102 51.567 147.2 7.591 16.230 27.473 4.044 0.157 0.294 -0.059 0.200 0.119
20 0.092 46.289 149.1 6.902 17.446 24.661 3.677 0.038 0.176 0.011 0.082 0.133
30 0.082 49.793 141.8 7.061 21.572 26.528 3.762 0.117 0.203 0.250 -0.035 0.078

Recovery 0.086 39.563 135.6 5.365 15.390 21.078 2.858 1 -0.113 -0.086 -0.108 0.012 0.030

+6 Gz PLL Run
Pre-Run 0.082 40.613 122.4 4.971 18.805 21.637 2.68 0.000 0.000 0.000 0.000 0.000

10 0.094 56.273 154.8 8.711 18.416 29.980 4.641 0.386 0.752 -0.021 0.146 0.265

Recovery 0.084 43.610 129.0 5.626 20.158 23.234 2.997 0.074 0.132 0.072 0.024 0.054
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NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROE
SUBJECT: S4 SUIT: TLSS DATE: 9/18/91

+4 Gz
Time 8 PD SV MR CO Hi SI CI SI CI HI PW1 HR
Plateau-s (s) (aL/beat) (bpm) CL/amn) (ohm) (ml/bt/m2)(Llbtlm2)j Normatized to 0
""---------------------------------.........................................-----------. ....... .......................
Pro-Run 0.080 173.542 107.1 18.586 49.307 92.457 9.902 0.000 0.000 0.000 0.000 0.000

10 0.060 84.496 117.5 9.506 28.785 45.017 5.064 -0.513 -0.489 -0.416 0.000 0.050
20 0.067 90.588 115.4 10.454 35.006 48.262 5.569 -0.478 -0.438 -0.290 -0.163 0.077
30 0.070 102.479 112.5 11.529 31.069 54.597 6.142 -0.409 -0.380 -0.370 -0.125 0.050

Recovery tas too noisy to anatyze

+5 G2
Pro-Run 0.100 121.012 93.8 11.351 18.038 64.471 6.047 0.000 0.000 0.000 0.000 0.000

10 0.104 63.938 130.4 8.337 19.005 34.064 4.442 -0.472 -0.265 0.054 0.040 0.390
20 0.080 82.277 133.3 10.968 32.249 43.834 5.843 -0.320 -0.034 0.788 -0.200 0.421
30 0.107 62.092 125.0 7.761 20.326 33.080 4.135 -0.487 -0.316 0.127 0.070 0.333

Recovery was too noisy to analyze

+5.5 Gz
Pro-Run 0.107 84.631 125.0 10.579 15.424 45.089 5.636 0.000 0.000 0.000 0.000 0.000

10 0.080 73.132 132.4 9.683 21.295 38.962 5.159 -0.136 -0.085 0.381 -0.252 0.059
20 0.064 80.855 134.3 10.859 31.150 43.077 5.785 -0.045 0.026 1.020 -0.402 0.074
30 0.055 83.793 136.4 11.429 36.325 44.642 6.089 -0.010 0.080 1.355 -0.486 0.091

Recovery 0.080 79.172 121.6 9.627 25.293 42.180 5.129 -0.065 -0.090 0.640 -0.252 -0.027

+6 Gz PLL Run
Pre-Run 0.104 89.540 115.4 10.333 20.112 47.704 5.505 1 0.000 0.000 0.000 0.000 0.000

9 0.080 66.871 136.4 9.121 21.535 35.626 4.859 -0.253 -0.117 0.071 -0.231 0.182

Recovery was too noisy to analyze
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NAWCADWAR-93086-60

CARDIAC PARAJ TERS CALCULATED DURING RELAXED ROt
UBJECT: S4 SUIT: TLSS DATE: 9/19/91

+4Gz
Tim 8 PWD SV HR CO HI S I I SI CI HI PD NHR
Ptateou-s M8) (at/beat) (Cim) L/min) (ohm) (tl/bt/m2)CL/bt/m2)j Normlized to 0

-----------------------------------------....-..............---......... ..............................................

Pri-Run 0.087 76.615 108.7 8.328 20.480 40.818 4.437 0.000 0.000 0.000 0.000 0.000
10 0.080 67.665 113.2 7.660 22.669 36.049 4.081 -0.117 -0.080 0.107 -0.060 0.041
20 0.080 77.286 120.0 9.274 22.431 41.175 4.941 0.009 0.114 0.095 -0.060 0.104
30 0.080 68.467 121.6 8.326 21.081 36.477 4.436 -0.106 0.000 0.029 -0.0m0 0.119

Recovery 0.080 84.099 120.0 10.092 25.397 4".805 5.377 0.096 0.212 0.240 -0.080 0.104

*5 Gz
Pre-Run 0.087 72.875 110.3 8.038 21.868 38.825 4.282 0.000 0.000 0.000 0.000 0.000

10 0.080 57.843 130.4 7.543 20.842 30.817 4.019 -0.206 -0.062 -0.047 -0.080 0.182
20 0.064 60.195 127.7 7.687 28.535 32.070 4.095 -0.174 -0.044 0.305 -0.264 0.158
30 0.064 58.871 128.6 7.571 25.966 31.365 4.033 -0.192 -0.058 0.188 -0.264 0.166

Recovery 0.080 64.846 120.0 7.782 21.504 34.548 4.146 -0.110 -0.032 -0.017 -0.080 0.068

+6 Gz
Pre-Run 0.087' 70.259 121.0 8.501 20.919 37.432 4.529 0.000 0.000 0.000 0.000 0.000

10 0.080 61.693 146.3 9.026 20.657 32.868 4.809 -0.122 0.062 -0.013 -0.080 0.209
20 0.060 60.333 146.3 8.827 20.736 32.143 4.703 -0.141 0.038 -0.009 -0.0680 0.209
30 0.060 50.014 145.2 7.262 28.001 26.646 3.869 -0.288 -0.146 0.339 -0.310 0.200

Recovery 0.064 72.553 109.1 7.915 30.853 38.654 4.217 0.033 -0.069 0.475 -0.264 -0.096

.6.5 Gz
Pre-Run 0.072 60.208 138.9 8.363 23.099 32.077 4.455 1 0.000 0.000 0.000 0.000 0.000

10 0.088 49.630 153.3 7.608 17.142 26.441 4.053 -0.176 -0.090 -0.258 0.222 0.104
20 0.056 50.896 153.8 7.828 29.775 27.117 4.171 -0.155 -0.064 0.289 -0.222 0.107
30 0.080 53.332 150.0 8.000 20.365 28.414 4.262 -0.114 -0.043 -0.118 0.111 0.080

Recovery 0.080 50.782 133.3 6.769 19.174 27.055 3.606 -0.157 -0.191 -0.170 0.111 -0.040

+7 Gz PLL Run
Pre-Run 0.093 58.783 119.0 6.995 16.494 31.318 3.727 0.000 0.000 0.000 0.000 0.000

6 0.080 49.023 145.2 7.118 19.544 26.118 3.792 -0.166 0.018 0.185 -0.140 0.220

Recovery 0.080 68.821 127.7 8.788 21.504 36.665 4.682 0.171 0.256 0.304 -0.140 0.073
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NAWCADWAR-93086.60

CARDIAC PARAiETERS CALCULATED OWUING RELAXED ROR
SUBJECT: 15 SUIT: TLSS DATE: 9/20/91

+4 Gz
Tima PW l• HR CO Nm SI CI SI CI NI PW0 HR
Pltteau-s (s) (at/beet) (bpm) (L/mn) (Clm) (mlt/bt/m2)(L/bt/m2)I Noraltized to 0
---...................................... ..... ......................... .... ...........................................

Pre-Run 0.080 63.053 88.2 5.561 17.727 33.557 2.960 0.000 0.000 0.000 0.000 0.000
10 0.072 53.075 98.4 5.223 20.5M6 28.246 2.779 -0.158 -0.061 0.161 -0.100 0.116
20 0.080 75.457 89.6 6.761 20.962 40.158 3.596 0.197 0.216 0.183 0.000 0.016
30 0.088 66.512 91.5 6.086 18.504 35.398 3.239 0.055 0.094 0.044 0.100 0.037

Recovery 0.080 58.278 100.0 5.828 15.929 31.015 3.102 -0.076 0.048 -0.101 0.000 0.134

÷1 Gz
Pre-Run 0.067 47.660 97.4 4.642 17.105 25.364 2.470 0.000 0.000 0.000 0.000 0.000

10 0.080 58.853 101.7 5.985 20.216 31.322 3.185 0.235 0.289 0.182 0.194 0.044
20 0.080 60.754 101.7 6.179 18.114 32.333 3.288 0.275 0.331 0.059 0.194 0.044
30 0.100 68.646 103.4 7.098 16.040 36.533 3.778 0.440 0.529 -0.062 0.493 0.062

Recovery 0.080 76.704 102.7 7.878 20.603 40.822 4.192 0.609 0.697 0.205 0.194 0.054

+6 Gz
Pre-Run 0.080 54.723 102.0 5.582 13.744 29.123 2.971 0.000 0.000 0.000 0.000 0.000

10 0.088 63.291 100.0 6.329 17.548 33.683 3.3681 0.157 0.134 0.277 0.100 -0.020
20 0.104 53.239 105.6 5.622 11.977 28.334 2.992 -0.027 0.007 -0.129 0.300 0.035
30 0.072 52.275 111.9 5.850 17.976 27.821 3.113 -0.045 0.048 0.308 -0.100 0.097

Recovery 0.080 60.803 110.3 6.707 16.012 32.359 3.569 0.111 0.202 0.165 0.000 0.081

+6.5 Gz PLL Run
Pre-Run 0.073 55.957 107.1 5.993 17.881 29.780 3.189 0.000 5.000 0.000 0.000 0.000

10 0.093 51.430 107.1 5.508 14.083 27.371 2.931 -0.081 -0.081 -0.212 0.274 0.000

Recovery 0.072 70.813 100.0 7.081 22.124 37.687 3.769 0.265 0.182 0.237 -0.014 -0.066

A-9



NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROt
SUBJECT: 56 SUIT: TLSS DATE: 9/18/91

+4Gz
Tim a PW SV w CO NI SI CII SI C! II I, Ni
Plateau-s (s) (mtlbeet) (bin) CL/ain) (ohn) (mt/bt/.2)(L/bt/.2)I Normtized to 0

........................................................................ ..............................

Pre-tun 0.100 61.962 97.4 6.037 14.651 32.639 3.179 0.000 0.000 0.000 0.000 0.000
10 0.070 31.454 111.1 3.495 19.269 16.564 1.840 -0.493 -0.421 0.315 -0.300 0.141
20 0.060 35.662 103.4 3.687 16.755 18.779 1.942 -0.425 -0.309 0.1"4 -0.200 0.062
30 0.068 37.165 102.3 3.802 15.6,0 19.571 2.002 -0.400 -0.370 0.067 -0.120 0.050

Recovery 0.000 56.300 107.1 6.030 19.133 29.647 3.175 -0.092 -0.001 0.306 -0.200 0.100

.50Gz
Pre-Run 0.080 53.310 101.4 5.406 17.389 28.073 2.847 0.000 0.000 0.000 0.000 0.000

10 0.066 26.858 109.1 3.148 19.193 15.196 1.658 -0.459 -0.418 0.104 -0.200 0.076
20 0.080 29.790 105.3 3.137 15.909 15.687 1.652 -0.661 -0.620 -0.085 0.000 0.038
30 0.08B 32.931 105.3 3.468 14.655 17.341 1.826 -0.382 -0.359 -0.157 0.100 0.036

Recovery 0.068 47.794 107.1 5.119 15.544 25.168 2.696 -0.103 -0.053 -0.106 0.100 0.056

.66 IzPre-Run 0.107 56.539 96.2 5.439 12.606 29.773 2.864 0.000 0.000 0.000 0.000 0.000
10 0.064 24.409 113.4 2.768 17.145 12.854 1.458 -0.568 -0.491 0.360 -0.402 0.179
20 0.066 28.267 111.1 3.140 19.886 14.885 1.654 -0.500 -0.423 0.578 -0.402 0.155
30 0.070 23.260 109.1 2.538 16.823 12.249 1.336 -0.589 -0.533 0.335 -0.346 0.134

Recovery 0.080 60.905 107.1 6.523 18.922 32.072 3.435 0.077 0.199 0.501 -0.252 0.113

+6.5 Gz
Pre-Run 0.100 "6.966 108.7 4.888 13.235 23.679 2.574 1 0.000 0.000 0.000 0.000 0.000

10 0.064 27.718 111.1 3.079 20.514 14.596 1.622 1 -0.384 -0.370 0.550 -0.360 0.022
20 0.070 27.872 109.1 3.041 18.272 14.677 1.601 1 -0.380 -0.378 0.381 -0.300 0.004
30 0.088 32.2,6 111.1 3.583 15.496 16.960 1.887 -0.283 -0.267 0.171 -0.120 0.022

Recovery 0.086 51.991 103.4 5.376 17.Z46 27.378 2.831 0.156 0.100 0.311 -0.120 -0.049

+7 Gz
Pre-Run 0.087 51.002 111.9 5.707 14.483 26.857 3.005 0.000 0.000 0.000 0.000 0.000

10 0.056 36.652 122.4 4.486 30.806 19.301 2.362 -0.281 -0.214 1.127 -0.356 0.094
20 0.080 34.570 115.4 3.989 20.587 18.204 2.101 -0.322 -0.301 0.421 -0.080 0.031
30 0.080 27.953 115.4 3.226 17.415 1' 1.699 -0.452 -0.435 0.202 -0.080 0.031

Recovery 0.096 49.066 105.3 5.167 14.094 2.721 -0.038 -0.095 -0.027 0.103 -0.059

A-10



NAWCADWAR-93086-6

CARDIAC PARAMETERS CALCULATED DURING RELAXED RCA
SUBJECT: $1 SUIT: COMBAT EDGE DATE: 9/16/91

4rz
Time PWU SV MR CO NI SI Cl S CI NI PUB U
PLateeu-s (s) Cut/beet) (Cbm) (L/min) (alm) (mL/bt/m2)CL/bt/m2)I Mormitzed to 0
.....................................................................................................................
Pre-Run 0.097 137.812 110.3 15.203 22.161 85.174 9.396 0.000 0.000 0.000 0.000 0.000

10 0.100 89.496 117.6 10.525 15.940 55.314 6.505 -0.351 -0.306 -0.281 0.031 0.066
20 0.094 78.159 122.4 9.567 15.639 48.306 5.913 -0.433 -0.371 -0.294 -0.031 0.109
30 0.086 80.348 125.0 10.043 18.237 49.659 6.207 -0.417 -0.339 -0.177 -0.113 0.133

Recovery 0.094 145.941 88.2 12.872 23.823 90.199 7.956 0.059 -0.153 0.075 -0.031 -0.201

.5 Gz
Pro-Run 0.102 126.201 109.1 13.769 20.069 77.996 8.510 0.000 0.000 0.000 0.000 0.000

10 0.086 87.494 128.3 11.225 17.889 54.075 6.938 -0.307 -0.185 -0.109 -0.157 0.176
20 0.072 78.671 132.6 10.432 20.774 48.623 6.447 -0.377 -0.242 0.035 -0.294 0.215
30 0.070 85.277 134.8 11.495 23.077 52.705 7.105 -0.324 -0.165 0.150 -0.314 0.236

Recovery 0.092 127.127 118.2 15.026 22.529 78.570 9.287 0.007 0.091 0.123 -0.096 0.083

+6 Gz
Pre-Run 0.095 129.383 113.6 14.696 19.433 79.965 9.084 0.000 0.000 0.000 0.000 0.000

10 0.104 92.114 137.9 12.703 16.190 56.931 7.851 -0.288 -0.136 -0.167 0.095 0.214
20 0.078 84.460 142.0 11.993 22.025 52.200 7.412 -0.347 -0.184 0.133 -0.179 0.250
30 0.067 76.168 143.7 10.945 22.643 47.075 6.765 -0.411 -0.255 0.165 -0.295 0.265

Recovery 0.080 109.274 131.1 14.326 26.603 67.536 8.854 -0.155 -0.025 0.369 -0.158 0.154

46.5 Gz
Pre-Run 0.102 140.045 122.0 17.085 20.613 86.554 10.560 0.000 0.000 0.000 0.000 0.000

10 0.108 97.092 136.4 13.243 15.393 60.007 8.185 -0.307 -0.225 -0.253 0.059 0.118
20 0.078 75.548 149.1 11.264 20.820 46.692 6.962 -0.461 -0.341 0.010 -0.235 0.222
30 0.066 85.147 148.8 12.670 25.317 52.625 7.831 -0.392 -0.258 0.228 -0.353 0.220

Recovery 0.094 118.905 119.4 14.197 21.004 73.489 8.775 -0.151 -0.169 0.019 -0.078 -0.021

+7 Gz PLL Run
Pre-Run 0.088 132.696 113.6 15.074 21.999 82.012 9.317 0.000 0.000 0.000 0.000 0.000

10 0.106 80.879 147.2 11.905 17.215 49.987 7.358 -0.390 -0.210 -0.217 0.205 0.296

Recovery 0.088 137.495 118.2 16.252 22.145 84.978 10.04 I 0.036 0.078 0.007 0.000 0.040

A-II



NAWCADWAR-93086-60

CARDIAC PMMETERS CALCULATED DURIlNG RELAXED IAN
SUMSECT: $1 SUIT: COSUAT EDGE DATE: 9/18/91

+4 6:
TimA 8 PI 9V lt CO NII $I C! $1 Ci NI PIE HR

Ptateau-s (s) (mt/beet) Chim) (L/mfn) (ohm) (at/bt/w2)(L/bt/,,)I Normotized to 0
...................................... ............................................-------------------

Pre-Run 0.073 153.271 110.) 16.906 36.112 94.729 10.4"9 0.000 0.000 0.000 o.000 O.000
10 0.0C8 139.827 115.4 16.136 26.490 86.420 9.973 -0.088 -0.046 0.734 0.205 0.046
20 0.0m8 109.702 118.4 12.989 23.866 67.801 8.028 -0.284 -0.232 0.661 0.205 0.073

30 0.072 93.664 120.0 11.240 28.655 57.889 6.947 -0.389 -0.335 0.794 -0.014 0.068
Recovery 0.060 124.766 115.4 14.396 27.505 77.113 8.899 -0.186 -0.148 0.762 0.096 0.046

+5 Gz
Pr*-Run 0.087 154.485 115.4 17.828 27.045 95.479 11.018 0.000 0.000 0.000 0.000 0.000

10 0.080 116.790 125.0 14.599 25.109 72.182 9.023 -0.244 -0.181 0.928 -0.080 0.083
20 0.080 95.146 136.4 12.978 21.705 58.805 8.021 -0.384 -0.272 0.803 -0.080 0.182
30 0.0"6 132.247 136.4 18.038 32.305 81.735 11.149 -0.1" 0.012 1.194 -0.264 0.182

Recovery 0.070 184.913 93.8 17.345 43.044 114.285 10.720 0.197 -0.027 1.592 -0.195 -0.187

.66 z
Pre-Run 0.080 143.271 115.4 16.533 30.202 88.548 10.218 0.000 0.000 0.000 0.000 0.000

10 0.090 105.142 128.6 13.521 20.116 64.983 8.357 -0.266 -0.182 -0.334 0.125 0.114
20 0.080 117.724 128.6 15.139 23.339 72.759 9.357 -0.178 -0.084 -0.227 0.000 0.114
30 0.080 96.318 125.0 12.290 28.186 60.765 7.596 -0.314 -0.257 -0.067 0.000 0.083

Recovery 0.070 192.977 117.6 22.694 36.726 119.269 14.026 0.347 0.373 0.216 -0.125 0.019

A-12



NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROR

9UJECT: 52 SUIT: COIAT EDGE DATE: 9/17/91

+4 ax
TimA PW 5V MR CO N 1 Cl SI CI NI PW Ni
PLAtemu-s (s) (mt/beet) (Cbp) L/min) (Cdm) (ml/bt/.2)CL/bt/m2)I MorsoLized to 0
......................................................................... .......... ........... ........................

Pre-Run 0.080 96.550 106.4 10.486 21.810 60.239 6.409 0.000 0.000 0.000 0.000 0.000
10 0.072 76.264 120.0 9.152 22.545 "6.616 5.594 -0.226 -0.127 0.034 -0.100 0.128
20 0.072 73.103 120.0 8.772 23.510 44.684 5.362 -0.258 -0.163 0.078 -0.100 0.128
30 0.080 78.153 113.2 8.847 20.725 47.771 5.4011 -0.107 -0.156 -0.050 0.000 0.064

Recovery 0.072 87.901 111.1 9.766 21.822 53.729 5.969 -0.108 -0.069 0.001 -0.100 0.044

+5 Gz
Pre-Run 0.080 84.200 121.0 10.188 18.9W9 51.467 6.227 0.000 0.000 0.000 0.000 0.000

10 0.072 86.128 127.7 10.999 26.524 52.645 6.723 0.023 0.080 0.397 -0.100 0.055
20 0.080 83.325 133.3 11.107 23.980 50.932 6.789 -0.010 0.090 0.263 0.000 0.102
30 0.060 72.073 136.4 9.831 21.810 44.055 6.009 -0.144 -0.035 0.149 0.000 0.127

Recovery 0.088 102.525 101.7 10.427 21.208 62.668 6.373 0.218 0.023 0.117 0.100 -0.160

+5.5 Gz
Pre-Run 0.067 116.134 108.7 12.624 27.337 70.986 7.716 0.000 0.000 0.000 0.000 0.000

10 0.072 89.257 133.3 11.896 24.113 54.558 7.273 -0.231 -0.057 -0.118 0.075 0.226
20 0.072 64.039 139.5 8.933 23.920 39.144 5.461I -0.449 -0.292 -0.125 0.075 0.283
30 0.072 69.069 139.5 9.635 24.957 42.218 5.889 -0.405 -0.237 -0.087 0.075 0.283

Recovery .AM 123.206 114.3 14.082 23.576 75.309 8.608 0.061 0.116 -0.138 0.313 0.052

+6 Gz PLL Run
Pre-Run 0.087 98.339 119.0 11.702 18.558 60.110 7.153 1 0.000 0.000 0.000 0.000 0.000

5 0.072 73.481 139.5 10.251 26.403 44.915 6.266 -0.253 -0.124 0.423 -0.172 0.172

Recovery 0.076 89.216 127.7 11.393 21.816 54.533 6.964 -0.093 -0.026 0.176 -0.126 0.073

A-13



NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED OURING RELAXED ROE

SUJECT: S2 SUIT: COMBAT EDGE DATE: 9/19/91

+48*
Tim 8 PMW tV MR CO NI S1 CI SI CI NI PM MR
Plateau-s Cs) (mt/beet) C(lm) CL/min) (ohm) (mt/bt/m2)CL/bt/m2) Normutized to 0
.................................................................................................................

Pr*-Run 0.060 51.611 96.2 4.965 17.165 31.547 3.035 0.000 0.000 0.000 0.000 0.000
10 0.060 26.943 120.0 3.233 12.963 16.469 1.976 -0.478 -0.349 -0.273 0.000 0.247
20 0.080 39.266 113.2 4."45 17.060 24.001 2.717 -0.239 -0.105 -0.045 0.000 0.177
30 0.080 31.797 109.8 3.491 14.W87 19.436 2.134 -0.384 -0.297 -0.167 0.000 0.141

Recovery 0.068 52.097 90.9 4.736 16.460 31.8" 2.895 0.009 -0.046 -0.079 0.100 -0.055

+4.5 Iz
Pre-Run 0.093 54.539 89.3 4.870 15.091 33.337 2.977 0.000 0.000 0.000 0.000 0.000

10 0.072 38.549 120.0 4.626 19.999 23.563 2.828 -0.293 -0.050 0.325 -0.226 0.344
20 0.090 32.22 107.1 3.472 13.066 19.818 2.122 -0.406 -0.287 -0.134 -0.032 0.199
30 0.090 25.830 115.4 2.961 11.612 15.789 1.822 -0.526 -0.388 -0.231 -0.032 0.292

Recovery 0.080 58.522 100.0 5.852 21.137 35.772 3.577 0.073 0.202 0.401 -0.140 0.120

+5 Gz PLL Run
Pre-Run 0.087 47.660 105.6 5.033 15.539 29.132 3.076 0.000 0.000 0.000 0.000 0.000

5 0.096 39.269 125.0 4.909 13.814 24.003 3.000 -0.176 -0.025 -0.111 0.103 0.184

Recovery 0.072 59.967 109.1 6.542 24.887 36.655 3.999 0.258 0.300 0.602 -0.172 0.033

A-14



NAWCADWAR-93086.60

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROR
SUBJECT: S3 SUIT: COMBAT EDGE DATE: 9/16/91

+4 Ba
Tim a PWD SV NR CO HI SI CI SI CI HI PWD MR
Ptateau-s (s) (wt/beat) Cbpm) (L/min) (ohm) (nt/bt/m2)(L/bt/m2)l Normlized to 0
........................................ ............................................----------------------------

Pro-Run 0.100 68.806 102.7 7.067 16.900 36.234 3.721 0.000 0.000 0.000 0.000 0.000
10 0.098 57.849 110.4 6.386 15.035 30.463 3.363 -0.159 -0.096 -0.110 -0.020 0.075
20 0.106 63.44 115.4 7.321 13.620 33.409 3.855 -0.078 0.036 -0.194 0.060 0.124
30 0.098 55.836 114.7 6.404 16.768 29.403 3.373 -0.189 -0.094 -0.006 -0.020 0.117

Recovery 0.104 60.994 106.2 6.478 15.474 32.119 3.411 -0.114 -0.083 -0.084 0.040 0.034

.4.5 Gz
Pro-Run 0.108 63.731 102.4 6.526 13.643 33.560 3.437 0.000 0.000 0.000 0.000 0.000

10 0.110 62.853 104.8 6.587 12.662 33.098 3.469 -0.014 0.009 -0.072 0.019 0.023
20 0.118 46.902 100.0 4.690 10.148 24.696 2.470 -0.264 -0.281 -0.256 0.093 -0.023
30 0.102 72.802 114.3 8.321 16.194 38.337 4.382 0.142 0.275 0.187 -0.056 0.116

Recovery 0.104 68.514 104.8 7.180 14.699 36.079 3.781 0.075 0.100 0.077 -0.037 0.023

+5 Gz PLL Run
Pro-Run 0.120 57.959 103.8 6.016 11.430 30.521 3.168 0.000 0.000 0.000 0.000 0.000

10 0.093 86.969 118.4 10.299 20.729 45.808 5.424 0.501 0.712 0.814 -0.225 0.141
14 0.103 68.361 124.1 8.484 14.429 35.999 4.467 0.179 0.410 0.262 -0.142 0.196

Recovery 0.106 72.025 115.4 8.312 14.221 37.928 4.377 0.243 0.382 0.244 -0.117 0.112

CARDIAC PARA1ETERS CALCULATED DURING RELAXED ROR
SUBJECT: S3 SUIT: COMBAT EDGE DATE: 9/18/91

+4 Gz
Time 2 PdWD SV HR CO HI SI CI Sl CI HI PWD HR
Ptateau-s (s) (al/beat) (bpm) L/min) (ohm) (ml/bt/l2)CL/bt/m2)I Normalized to 0

Pro-Run 0.093 56.442 111.9 6.316 18.093 29.722 3.326 0.000 0.000 0.000 0.000 0.000
10 0.088 59.250 122.4 7.252 21.591 31.201 3.819 0.050 0.148 0.193 -0.054 0.094
20 O.088 56.410 117.6 6.634 21.739 29.705 3.493 -0.001 0.050 0.202 -0.054 0.051
30 0.088 53.947 115.4 6.225 21.517 28.408 3.278 -0.044 -0.014 0.189 -0.054 0.031

Recovery 0.088 58.474 103.4 6.046 21.739 30.792 3.184 0.036 -0.043 0.202 -0.054 -0.076

+5 Gz PLL Run
Pre-Run 0.100 54.559 115.4 6.296 16.891 28.730 3.315 0.000 0.000 0.000 0.000 0.000

10 0.080 57.857 130.4 7.545 21.549 30.467 3.973 0.060 0.198 0.276 -0.200 0.130
20 0.080 61.972 128.6 7.970 26.984 32.634 4.197 0.136 0.266 0.597 -0.200 0.114

Recovery 0.088 48.047 120.0 5.766 19.269 25.301 3.036 -0.119 -0.084 0.141 -0.120 0.040

A-15



NAWCADWAR-93086-60

CARDIAC PARANETERS CALCULATED DURING RELAXED ROR
SUBJECT: 55 SUIT: COMSAT EDGE DATE: 9/19/91

.4z
Tim e PW) SV Hit CO HI SI Cl SI CI NI PWD MR
Plateau-s (M) (.1/beet) CbPM) L/min) (ohm) (ml/bt/2)(L/bt/m2)I Normlized to 0

---------------------...................................................................................................
Pre-Run 0.056 53.956 104.2 5.622 23.810 26.715 2.992 0.000 0.000 0.000 0.000 0.000

10 0.056 51.165 101.7 5.203 27.151 27.230 2.769 -0.052 -0.074 0.140 0.000 -0.024
20 0.080 60.842 109.8 6.680 21.505 32.380 3.555 0.128 0.188 -0.097 0.429 0.054
30 0.056 57.390 112.5 6.456 30.722 30.543 3.436 0.064 0.148 0.290 0.000 0.080

Recovery 0.056 70.181 117.6 8.253 30.453 37.350 4.392 0.301 0.468 0.279 0.000 0.129

+5 Gz
Pre-Run 0.087 66.014 92.6 6.113 17.723 35.132 3.253 0.000 0.000 0.000 0.000 0.000

10 0.064 45.751 102.3 4.680 22.68 24.349 2.491 1 -0.307 -0.234 0.278 -0.264 0.105
20 0.096 47.262 120.0 5.671 15.591 25.153 3.018 -0.284 -0.072 -0.120 0.103 0.296
30 0.070 48.8/8 120.0 5.862 23.257 25.997 3.120 -0.260 -0.041 0.312 -0.195 0.296

Recovery 0.072 51.841 107.1 5.552 21.117 27.590 2.955 -0.215 -0.092 0.191 -0.172 0.157

+6 

Iz

Pre-Run 0.067 51.757 111.9 5.792 20.639 27.545 3.082 . 0.000 0.000 0.000 0.000 0.000
10 0.000 47.286 115.4 5.457 20.591 25.166 2.904 -0.086 -0.058 -0.002 0.194 0.031
20 0.080 47.561 120.0 5.707 21.290 25.312 3.037 -0.081 -0.015 0.032 0.194 0.072
30 0.053 54.717 120.0 6.566 38.953 29.120 3.494 0.057 0.134 0.887 -0.209 0.072

Recovery 0.096 54.805 117.6 6.445 16.958 29.167 3.430 0.059 0.113 -0.178 0.433 0.051

+7 Gz
"re-Run 0.067 75.231 101.4 7.628 22.244 40.038 4.060 0.000 0.000 0.000 0.000 0.000

10 0.070 39.629 121.6 4.819 21.137 21.091 2.565 -0.473 -0.368 -0.050 0.045 0.199
20 0.040 42.190 125.0 5.274 37.957 22.454 2.807 -0.439 -0.309 0.706 -0.403 0.233
30 0.080 32.931 125.0 4.116 15.349 17.526 2.191 -0.562 -0.460 -0.310 0.194 0.233

Recovery 0.048 67.182 117.6 7.901 39.382 35.754 4.205 -0.107 0.036 0.770 -0.284 0.160

A-16



NAWCADWAR-93086-6

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROR
SUBJECT: S6 SUIT: COMBAT EDGE DATE: 9/17/91

.4Gz

Time 8 P, SV HR CO HI SI C I SI CI II P.S NRt
Ptlteau-s (s) (i/bat) (bpm) L/min) (oh.) (mt/bt/m2)(L/bt/w2)I Normulized to 0

Pro-Run 0.100 40.907 117.2 4.794 13.769 21.541 2.525 0.000 0.000 0.000 0.000 0.000
10 0.056 41.549 120.0 4.986 26.027 21.879 2.626 0.016 0.040 0.690 -0.•)0 0.024
20 0.064 42.210 117.6 4.964 23.250 22.227 2.614 0.032 0.035 0.689 -0.360 0.003
30 0.060 40.129 121.6 4.880 24.183 21.132 2.570 -0.019 0.018 0.756 -0.400 0.038

Recovery 0.096 47.767 119.0 5.684, 15.160 25.154 2.993 0.168 0.186 0.101 -0.040 0.015

+4.5 Oz
Pri-Run 0.107 51.102 117.2 5.989 13.214 26.910 3.154 0.000 0.000 0.000 0.000 0.000

10 0.072 39.079 122.4 4.783 18.367 20.579 2.519 -0.235 -0.201 0.390 -0.327 0.044
20 0.080 38.7 122.4 4.748 16.503 20.428 2.500 -0.241 -0.207 0.249 -0.252 0.044
30 0.120 36.907 125.0 4.613 10.276 19.435 2.429 -0.278 -0.230 -0.222 0.121 0.067

Recovery 0.088 54.310 111.1 6.034 17.256 28.599 3.177 0.063 0.007 0.306 -0.178 -0.052

+5 Gz PLL Run
Pre-Run 0.100 54.141 119.0 6.443 14.118 28.510 3.393 0.000 0.000 0.000 0.000 0.000

9 0.056 24.887 130.4 3.245 25.366 13.105 1.709 -0.540 -0.496 0.797 -0.•40 0.096

Recovery 0.070 65.208 120.0 7.825 21.164 34.338 4.121 0.204 0.215 0.499 -0.300 0.008

CARDIAC PARAMETERS CALCULATED DURING RELAXED ROR
SUBJECT: S6 SUIT: COMBAT EDGE DATE: 9/19/91

.4 Gz
Time PWD SY HR CO HI SI CI ISi Ci HI PW) HR
Plateau-s (s) (ma/beat) Cbp) L/min) (ohm) (ml/bt/l2)(L/bt/m2)I NormaLized to 0

----------------------------------------------------4-----------..... --------------------------------------------

Pre-Run 0.080 73.367 96.2 7.058 17.925 38.635 3.717 0.000 0.000 0.000 0.000 0.000
10 0.080 56.130 95.2 5.344 18.999 29.558 2.814 -0,235 -0.243 0.060 0.000 -0.010
20 0.080 52.163 100.0 5.216 18.056 27.469 2.747 -0.289 -0.261 0.007 0.000 0.040
30 0.070 57.682 96.8 5.584 21.863 30.375 2.940 -0.214 -0.209 0.220 -0.125 0.006

Recovery 0.048 74.684 96.8 7.229 31.272 39.328 3.807 0.018 0.024 0.745 -0.400 0.006

45 Gz
Pre-Run 0.080 73.189 100.0 7.319 20.047 38.541 3.854 0.000 0.000 0.000 0.000 0.000

10 0.056 38.304 107.1 4.102 20.927 20.171 2.160 -0.477 -0.439 0.044 -0.300 0.071
20 0.064 43.097 105.3 4.538 19.621 22.695 2.390 -0.411 -0.380 -0.021 -0.200 0.053
30 0.064 32.705 107.1 3.503 16.247 17.227 1.844 -0.553 -0.521 -0.190 -0.20C 0.071

Recovery 0.048 71.782 93.8 6.733 31.883 37.800 3.546 -0.019 -0.080 0.590 -0.400 -0.062

+6 Gz
Pre-Run 0.067 74.604 97.4 7.266 21.621 39.286 3.826 0.000 0.000 0.000 0.000 0.000

10 0.080 34.497 112.5 3.81 12.893 18.166 2.044 -0.538 -0.466 -0.404 0.194 0.155
20 0.072 32.918 111.1 3.657 15.956 17.334 1.926 -0.559 -0.497 -0.262 0.075 0.141
30 0.060 30.299 107.1 3.245 16.841 15.955 1.709 -0.594 -0.553 -0.221 -0.104 0.100

Recovery 0.080 95.757 101.7 9.738 21.803 50.425 5.128 0.284 0.340 0.008 0.194 0.044
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NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED GOR

SUBJECT: S$ SUIT: TLSS DATE: 9/17/91

+Gz / PWd SV HR CO "I SI CI Sl CI HI PWD HR
Epoch (s) (mt/beat) (bpm) (L/min) (ohm) (mt/bt/m2)(Llbt/•2)I Normalized to 0
--------------------------------------------------------- +-------------------------------------------------------

Pre-Run 0.047 147.590 110.3 16.279 64.146 91.218 10.061 1 0.000 0.000 0.000 0.000 0.000
2 0.040 129.424 128.6 16.644 90.234 79.990 10.287 1 -0.123 0.022 0.407 -0.149 0.166
3 122.732 125.0 15.341 75.854 9.482 -0.168 -0.058 0.133
4 114.660 128.6 14.745 70.865 9.113 -0.223 -0.094 0.166
5 72.538 136.4 9.894 "4.832 6.115 -0.509 -0.392 0.237
6 93.211 136.4 12.714 57.609 7.858 -0.368 -0.219 0.237
7 67.246 157.9 10.618 41.561 6.563 -0.544 -0.348 0.432
8 73.322 150.0 10.998 45.317 6.797 1 -0.503 -0.324 0.360
9 88.335 157.9 13.948 54.595 8.621 -0.401 -0.143 0.432

Recovery 112.214 145.2 16.293 69.353 10.070 1 -0.240 0.001 0.316

SUBJECT: S2 SUIT: TLSS DATE: 9/16/91

+Gz / PWd SV HR CO Hi SI CI SI CI HI PWD HR
Epoch (s) (mt/beat) (bpm) L/min) (ohm) (mt/btlm2)(L/btlm2)j Normalized to 0

Pre-Run 0.083 55.939 125.0 6.992 20.806 34.193 4.274 1 0.000 0.000 0.000 0.000 0.000
2 0.080 70.867 126.8 8.986 29.515 43.317 5.493 1 0.267 0.285 0.419 -0.036 0.014
3 0.062 43.234 102.3 4.423 27.213 26.427 2.703 1 -0.227 -0.367 0.308 -0.253 -0.182
4 0.050 51.564 125.9 6.492 38.414 31.518 3.968 1 -0.078 -0.072 0.846 -0.398 0.007
5 0.070 35.893 134.3 4.820 18.250 21.940 2.946 -0.358 -0.311 -0.123 -0.157 0.074
6 0.055 43.367 134.3 5.824 31.237 26.508 3.560 -0.225 -0.167 0.501 -0.337 0.074
7 0.053 38.007 139.5 5.302 30.588 23.232 3.241 -0.321 -0.242 0.470 -0.361 0.116
8 0.050 47.159 150.0 7.074 41.145 28.826 4.324 -0.157 0.012 0.978 -0.398 0.200

9 0.053 44.238 153.8 6.804 41.892 27.041 4.159 -0.209 -0.027 1.013 -0.361 0.230
Recovery 0.032 48.707 136.4 6.644 60.160 29.772 4.061 -0.129 -0.050 1.892 -0.614 0.091

SUBJECT: S2 SUIT: TLSS DATE: 9/18/91

+Gz / P1d) SV HR CO HI SI CI 1 S1 CI HI P11) HR
Epoch (s) (mi/beat) (bpm) (L/men) (ohm) (mL/bt/m2)(L/bt/m2)1 Normalized to 0

Pre-Run 0.080 69.841 102.7 7.173 25.708 42.690 4.384 j 0.000 0.000 0.000 0.000 0.000
2 0.080 58.421 118.3 6.911 24.864 35.710 4.224 I -0.164 -0.036 -0.033 0.000 0.152
3 0.080 50.903 128.5 6.541 21.814 31.114 3.998 I -0.271 -0.088 -0.151 0.000 0.251
4 0.050 45.758 100.0 4.576 35.773 27.969 2.797 1 -0.345 -0.362 0.392 -0.375 -0.026
5 0.060 37.933 121.7 4.616 26.253 23.186 2.822 1.457 -0.356 0.021 -0.250 0.185
6 0.060 35.778 128.5 4.597 24.328 21.869 2.810 j -0.488 -0.359 -0.054 -0.250 0.251
7 0.060 39.447 128.,v 5.069 29.049 24.112 3.098 -0.435 -0.293 0.130 -0.250 0.251

8 0.060 39.370 121.7 4.791 29.267 24.065 2.929 1 -0.436 -0.332 0.138 -0.250 0.185
9 0.070 35.181 130.4 4.588 22.720 21.504 2.804 1 -0.496 -0.360 -0.116 -0.125 0.270

Recovery 0.060 55.138 132.5 7.306 34.858 33.703 4.466 I -0.211 0.019 0.356 -0.250 0.290

A-18



NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED GOR

SUBJECT: S3 SUIT: TLSS DATE: 9/17/91

+Gz / PID SV HR CO HI SI CI S! CI HI PHiR
Epoch Ws) (mtl/beat) (blm) L/min) (ohm) (mt/bt/m2)(Llbt/u2)l Normlized to 0

Pre-Run 0.087 97.519 98.7 9.625 25.330 51.353 5.069 0.000 0.000 0.000 0.000 0.000
2 0.080 120.175 107.1 12.871 29.083 63.283 6.778 0.232 0.337 0.148 -0.080 0.085
3 0.072 104.710 113.2 11.853 29.022 55.139 6.242 0.074 0.231 0.146 -0.172 0.147
4 0.080 96.600 105.3 10.172 25.680 50.869 5.357 -0.009 0.057 0.014 -0.080 0.067
5 0.090 91.614 112.5 10.307 21.852 48.243 5.427 -0.061 0.071 -0.137 0.034 0.140

Recovery 0.072 99.783 133.3 13.301 33.167 52.545 7.004 0.023 0.382 0.309 -0.172 0.351

SUBJECT: S4 SUIT: TLSS DATE: 9/16/91

4Gz / PW SV HR CO HI SI Cl $1 CI HI PWD HR
Epoch (s) (mt/beat) (4m) (L/min) (ohm) (mt/bt/m2)(L/bt/m2)I Normatized to 0

Pre-Run 0.062 38.322 125.0 4.790 25.752 20.416 2.552 1 0.000 0.000 0.000 0.000 0.000
2 0.063 32.727 151.3 4.952 17.420 17.436 2.638 -0.146 0.034 -0.324 0.016 0.210
3 0.060 35.141 148.8 5.229 19.315 18.722 2.786 -0.083 0.092 -0.250 -0.032 0.190
4 0.060 33.815 148.8 5.032 18.785 18.015 2.681 -0.118 0.050 -0.271 -0.032 0.190
5 0.065 30.797 156.5 4.820 18.611 16.407 2.568 -0.196 0.006 -0.277 0.048 0.252
6 0.070 31.016 160.7 4.984 15.738 16.524 2.655 -0.191 0.041 -0.389 0.129 0.286
7 0.070 30.737 174.8 5.373 16.132 16.376 2.862 -0.198 0.122 -0.374 0.129 0.398
8 0.073 28.918 181.8 5.257 14.860 15.406 2.801 -0.245 0.097 -0.423 0.177 0.454
9 0.085 26.670 185.6 4.950 12.438 14.209 2.637 -0.304 0.033 -0.517 0.371 0.485

10 0.065 27.708 187.5 5.195 17.340 14.762 2.768 -0.277 0.085 -0.327 0.048 0.500
Recovery 0.068 25.387 168.2 4.270 15.921 13.525 2.275 -0.338 -0.109 -0.382 0.097 0.346

SUBJECT: S4 SUIT: TLSS DATE: 9/18/91

+Gz / PW) SV HR CO HI SI CI S1 CI HI PWD HR
Epoch (s) (mi/beat) (bpm) (L/min) (ohm) (mt/bt/m2)(L/bt/m2)j Normalized to 0
........-.........-..-......-........-.....--.......-....-....-........... ..... . ...............-..-........-............

Pre-Run 0.077 106.969 89.8 9.606 27.303 56.989 5.118 0.000 0.000 0.000 0.000 0.000
2 0.070 90.648 107.1 9.708 28.693 48.294 5.172 -0.153 0.011 0.051 -0.091 0.193
3 0.070 105.548 103.4 10.914 33.811 56.232 5.814 -0.013 0.136 0.238 -0.091 0.151
4 0.080 101.251 100.0 10.125 25.160 53.943 5.394 -0.053 0.054 -0.078 0.039 0.114
5 0.080 77.351 125.0 9.669 24.067 41.210 5.151 -0.277 0.007 -0.119 0.039 0.392
6 0.080 66.696 128.6 8.577 20.389 35.533 4.570 -0.376 -0.107 -0.253 0.039 0.432

6.8 0.040 107.180 136.4 14.619 69.829 57.102 7.789 0.002 0.522 1.558 -0.481 0.519
Recovery 0.060 105.734 120.0 12.688 39.446 56.331 6.760 -0.012 0.321 0.445 -0.221 0.336
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NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED GOR

SUBJECT: S4 SUIT: TLSS DATE: 9/19/91

GZ/ PI Q SV NR CO HI SI CI SI CI HI PW HR

Epoch (s) (nllbeat) (bpm) CL/in) (ohm) (ml/btlm2)(L/bt/l2)j Normalized to 0
........................................................................................................

Pre-Run 0.087 86.266 102.7 8.859 24.255 45.959 4.720 1 0.000 0.000 0.000 0.000 0.000

2 0.090 97.831 112.5 11.006 25.424 52.121 5.86 1 0.134 0.242 0.048 0.034 0.095

3 0.080 106.095 125.0 13.262 30.191 56.524 7.065 1 0.230 0.497 0.245 -0.080 0.217

4 0.065 66.339 M15.4 7.656 26.532 35.343 4.079 -0.231 -0.136 0.094 -0.253 0.124

5 0.070 73.541 132.4 9.737 23.850 39.180 5.187 1 -0.148 0.099 -0.017 -0.195 0.289

6 0.070 49.963 140.6 7.025 21.610 26.619 3.743 1 -0.421 -0.207 -0.109 -0.195 0.369

7 0.060 52.070 145.2 7.561 25.212 27.741 4.028 1 -0.396 -0.147 0.039 -0.310 0.414

8 0.060 35.307 155.2 5.480 19.527 18.810 2.919 1 -0.591 -0.381 -0.195 -0.310 0.511

8.4 0.053 38.045 142.9 5.437 24.145 20.269 2.896 1 -0.559 -0.386 -0.005 -0.391 0.391

Recovery 0.072 61.644 125.0 7.705 25.806 32.842 4.105 1 -0.285 -0.130 0.064 -0.172 0.217

SUBJECT: S6 SUIT: TLSS DATE: 9/18/91

*Gz / PFD SV HR CO HI SI CI S CI HI PF)D HR

Epoch Cs) (nt/beat) (bpm) (L/min) (ohm) (tl/bt/m2)CL/bt/m2)I Normalized to 0
..... .. .................................................... 4.......................................................

Pre-Run 0.060 54.869 107.1 5.876 28.717 28.894 3.095 0.000 0.000 0.000 0.000 0.000

2 0.060 64.210 109.8 7.050 33.087 33.812 3.713 0.170 0.200 0.152 0.000 0.025

3 0.060 57.343 112.5 6.451 30.832 30.197 3.397 0.045 0.098 0.074 0.000 0.050

4 0.040 41.217 95.7 3.944 54."40 21.704 2.077 -0.249 -0.329 0.896 -0.333 -0.106

5 0.060 34.181 107.1 3.661 24.841 18.000 1.928 -0.377 -0.377 -0.135 0.000 0.000

6 0.070 31.207 109.8 3.426 20.145 16.433 1.804 -0.431 -0.417 -0.299 0.167 0.025

7 0.090 35.098 118.4 4.156 18.934 18.482 2.188 I -0.360 -0.293 -0.341 0.500 0.106

7.2 0.080 28.219 120.0 3.386 19.001 14.860 1.783 -0.486 -0.424 -0.338 0.333 0.120

Recovery 0.056 66.039 100.0 6.604 34.733 34.776 3.478 0.204 0.124 0.209 -0.067 -0.066
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NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED GOR

SUJECT: $1 SUIT: COMBAT EDGE DATE: 9/16/91

SGz / PWD SV MR CO HI S1 CI SI CI HI PWD HR
Epoch (s) (mt/beat) (bpm) (L/min) (ohm) (mt/bt/m2)(L/btlm2) Normtized to 0
--------------------.... ....................................--......-.............................................

Pro-Run 0.082 143.763 120.0 17.252 32.208 88.852 10.662 0.000 0.000 0.000 0.000 0.000
2 0.063 155.156 126.8 19.674 53.656 95.894 12.159 0.079 0.140 0.666 -0.232 0.057
3 0.065 204.041 141.7 28.913 57.!96 126.107 17.869 0.419 0.676 0.782 -0.207 0.181
4 0.055 162.978 142.9 23.290 64.Z6 100.728 14.394 0.134 0.350 0.998 -0.329 0.191
5 0.060 141.141 147.5 20.818 57.977 87.232 12.867 -0.018 0.207 0.800 -0.268 0.229
6 0.058 75.799 156.5 11.863 45.609 46.847 7.332 -0.473 -0.312 0.416 -0.293 0.304
7 0.060 69.933 163.6 11.441 43.732 43.222 7.071 -0.514 -0.337 0.358 -0.268 0.363
8 0.068 100.568 176.5 17.750 40.787 62.156 10.970 -0.300 0.029 0.266 -0.171 0.471

Recovery 0.058 199.044 96.4 19.586 81.049 123.019 12.105 0.385 0.135 1.516 -0.293 -0.180

SUBJECT: S1 SUIT: COMBAT EDGE DATE: 9/18/91

+Gz / PMD SV HR CO HI SI CI SI CI HI PID HR
Epoch (a) (.1/beat) (bpm) (L/mfn) (ohm) (mt/bt/m2)(L/bt/m2)l NormaLized to 0
................................................................ 4........................................................

Pre-Run 0.053 145.865 121.0 17.650 59.193 90.152 10.908 0.000 0.000 0.000 0.000 0.000
2 0.050 173.204 125.0 21.651 86.275 107.048 13.381 0.187 0.227 0.457 -0.057 0.033
3 0.050 160.545 132.4 21.256 66.231 99.224 13.137 0.101 0.204 0.119 -0.057 0.094
4 0.050 125.230 140.6 17.607 57.081 77.398 10.882 -0.141 -0.002 *-0036 -0.057 0.162.
5 0.050 115,740 140.6 16.273 54.902 71,533 10.057 -0.207 -0.078 -0.073 -0.057 0.162
6 0.053 96.191 140.6 13.525 47.273 59.451 8.359 -0.341 -0.234 -0.201 0.000 0.162
7 0.070 93.567 145.2 13.586 31.435 57.829 8.397 -0.359 *0.230 -0.469 0.321 0.200

Recovery 0.040 162.750 112.2 18.261 78.431 100.587 11.286 0.116 0.035 0.325 -0.245 -0.073

SUBJECT: S2 SUIT: COMBAT EDGE DATE: 9/17/91

.Gz / PWD SV HR CO HI SI CI SI CI HI PWD HR
Epoch (s) (ml/beat) (bpm) L/ain) (ohm) (mtl/bt/m2)(L/bt/m2)I Normalized to 0
......................................................................................................................

Pre-Run 0.096 89.100 90.9 8.099 17.090 54.462 4.951 0.000 0.000 0.000 0.000 0.000
2 0.088 81.074 105.3 8.537 21.800 49.556 5.218 -0.090 0.054 0.276 -0.083 0.158
3 0.072 81.433 127.7 10.399 26.524 49.776 6.356 -0.086 0.284 0.552 -0.250 0.405
4 0.080 64.978 125.0 8.122 21.159 39.717 4.965 -0.271 0.003 0.238 -0.167 0.375

4.8 0.070 66.383 130.4 8.656 23.437 40.576 5.291 -0.255 0.069 0.371 -0.271 0.435
Recovery 0.065 43.991 155.2 6.827 29.781 26.889 4.173 -0.506 -0.157 0.743 -0.323 0.707
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NAWCADWAR-93086-60

CARDIAC PARAMETERS CALCULATED DURING RELAXED G0R

SUBJECT: $2 SUIT: COMBAT EDGE DATE: 9/19/91

+Gz / PUD IV MR CO HI SI CI SI CI HI PU MR
Epoch (a) (Ct/best) Cbpm) CL/an) (doa) (ltbt/m2)(L/bt/m2)I Normtlized to 0
...................................................................................................
Pro-Run 0.080 62.649 84.3 5.281 19.930 38.294 3.228 1 0.000 0.000 0.000 0.000 0.000

2 0.068 63.992 107.1 6.854 16.752 39.115 4.189 0.021 0.296 -0.059 0.100 0.270
3 0.088 62.251 125.0 7.781 17.850 38.051 4.756 1 -0.006 0.473 -0.104 0.100 0.483
4 0.088 43.725 115.4 5.06 14.973 26.727 3.084 -0.302 -0.045 -0.249 0.100 0.369
5 0.080 41.169 117.6 4.841 16.041 25.164 2.959 1 -0.343 -0.083 -0.195 0.000 0.395
6 0.080 38.461 125.0 4.808 16.389 23.509 2.939 1 -0.386 -0.090 -0.178 0.000 0.483
7 0.080 45.599 125.0 5.700 20.196 27.873 3.484 1 -0.272 0.079 0.013 0.000 0.483

7.5 0.080 21.869 150.0 3.280 12.527 13.368 2.005 1 -0.651 -0.379 -0.371 0.000 0.779
Recovery 0.080 64.079 96.4 6.305 24.303 39.168 3.854 0.023 0.194 0.219 0.000 0.167

SUBJECT: 53 SUIT: COMBAT EDGE DATE: 9/18/91

0z / PWD SV HR CO HI SI CI SI CI HI PD HMR
Epoch (a) (alt/bet) (bpm) (L/amn) (do.) (mt/bt/m2)(L/bt/m2)I Normalized to 0
----- ''------------------...... ............................................... ... ................................
Pro-Run 0.100 58.178 110.3 6.417 18.196 30.636 3.379 0.000 0.000 0.000 0.000 0.000

2 0.080 65.861 117.6 7.745 25.978 34.682 4.079 1 0.132 0.207 0.428 -0.200 0.066
3 0.088 72.522 122.4 8.877 26.433 38.'90 4.674 1 0.247 0.383 0.453 -0.120 0.110
4 0.080 61.586 115.4 7.107 25.462 32.431 3.742 1 0.059 0.108 0.399 -0.200 0.046

4.9 0.080 54.844 125.0 6.856 22.989 28.880 3.610 1 -0.057 0.068 0.263 -0.200 0.133
Recovery 0.096 67.335 109.1 7.346 20.924 35.458 3.868 0.157 0.145 0.150 -0.040 -0.011

SUBJECT: S6 SUIT: COMBAT EDGE DATE: 9/17/91

÷Gz / P1) SV HR CO HI SI CI SI Ci HI PD HR
Epoch (s) (at/beot) (bpm) (L/min) (ohm) (mL/bt/m2)(L/bt/m2)I NormaLized to 0
.......................................................................................................
Pro-Run 0.073 51.874 102.7 5.327 20.951 27.317 2.805 0.000 0.000 0.000 0.000 0.000

2 0.050 36.215 118.4 4.288 26.362 19.071 2.258 1 -0.302 -0.195 0.258 -0.315 0.153
3 0.060 45.906 125.0 5.738 29.775 24.174 3.022 1 -0.115 0.077 0.421 -0.178 0.217
4 0.040 49.913 125.0 6.239 51.797 26.284 3.285 1 -0.038 0.171 1.472 -0.452 0.217
5 0.040 43.079 128.6 5.540 44.336 22.685 2.917 1 -0.170 0.040 1.116 -0.452 0.252

Recovery 0.040 48.493 150.0 7.274 48.366 25.536 3.830 1 -0.065 0.365 1.309 -0.452 0.461
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